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PART    III 
THE  SEA 

CHAPTER  I 

CONFLICT  OP  OPINION  REGARDING  THE 
DISPLACEMENT  OP  THE  STRAND :  TERMINOLOGY 

AND  GENERAL  OBSERVATIONS 

Strabo.  Dante.  CelnoB  and  Linnaeus.  Nordenankar.  Playfair  and  Leopold  von  Buch. 
Goethe.  Lyell  and  Danvin  as  supporters  of  the  theory  of  elevation.  Bravais  and 
Eugene  Robert.  Chambers  and  Domeyko;  renewed  expressions  of  doubt  Theories 
based  on  gravitation.  Adh^mar  and  his  successors.  Summaries;  Howorth.  Terminology. 
Genuine  case  of  dislocation  in  New  Zealand.    Plan  of  the  following  chapters. 

We  have  descended  from  the  mountains  and  stand  on  the  seashore.  The 
eye  roams  unchecked  over  the  vast  expanse  of  waters.  A  great  wave 
approaches  and  seems  about  to  reach  us ;  suddenly  its  crest  curls  over,  it 
plunges  downwards,  and  with  a  dull  roar,  sweeps  a  little  further  on  ¥rith- 
out  wetting  our  feet.  Then  the  water  streams  back,  and  a  long  green 
ridge  of  seaweed  remains  to  mark  the  limit  of  its  advance.  Soon  a  second 
wave  follows,  then  a  third,  and  from  time  to  time  one  somewhat  higher 
than  the  rest,  which  whirls  the  seaweed  further  up  the  beach,  and  drives  us 
back  towards  the  foot  of  the  cliff. 

The  roll  of  the  waters  is  repeated  like  the  chorus  of  a  mighty  song. 
The  sublimity  of  the  scene  might  hold  us  captive  for  whole  hours.  At 
length  the  crest  of  the  wave  breaks  at  a  greater  distance  fromus,  and  soon 
the  lowest  point  of  the  ebb  will  be  reached  Then  the  Ocean  returns  and 
all  the  bands  of  white  shells,  and  the  green  coils  of  seaweed  it  had  left 
behind,  are  again  swept  together  by  the  ever  advancing  line  of  the  waves, 
until  after  six  hours  of  rising  tide  even  the  spot  where  we  first  stood  is 
reached,  and  at  last  the  sea  washes  once  more  against  the  foot  of  the  cliff. 

So  to  a  stately  measure  the  heavenly  bodies  cause  the  swaying  Ocean  to 
alternately  advance  upon  the  land  and  retire. 

Let  us  now  turn  to  the  cliff.  Here  the  traces  of  an  older  strand  may  be 
clearly  seen,  standing  high  above  the  existing  level  of  the  sea.  For  mile 
after  mile  they  may  be  followed  at  a  constant  height,  undisturbed  by  the 
nature  or  structure  of  the  coast,  over  difis  of  limestone,  granite,  or  ancient 
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volcanic  ash,  or  late  Tertiary  detritus ;  they  encircle  as  with  a  girdle,  not 
only  the  mainland,  but  also  the  islands  off  its  shores. 

This  is  something  very  different  from  the  crushing  and  overthrusting 
we  meet  with  in  the  mountains,  and  very  different  from  folding,  which  is 
determined  by  the  strength  and  direction  of  the  tangential  stress,  by  the 
rigidity  of  the  rocks,  and  the  resistance  offered  by  opposing  masses,  changing 
consequently  in  character  as  it  passes  from  place  to  place.  The  phenomenon 
before  us  is  of  an  altogether  different  nature,  and  if  we  recall  the  play  of 
the  tides  with  their  rhythmic  rise  and  fall  in  phases  of  half  a  day,  then 
nature  herself  seems  to  suggest  the  question  whether  other  forces  may  not 
exist  capable  of  causing  much  more  important  oscillations  and  of  much 
longer  periods  than  that  which  we  have  pictured  as  driving  us  back  to  the 
foot  of  the  cliff. 

Many  distinguished  observers  have  answered  this  question  in  the 
affirmative ;  others  have  supposed  that  changes  may  have  occurred  in  the 
volume  of  water  in  the  Ocean ;  others,on  the  contrary,have  imagined  uniform 
and  gradual  movements  of  the  solid  land — secular  movements,  as  they  are 
generally  termed.  These  conflicting  theories  have  been  advanced  and 
adopted  in  turn  according  to  the  state  of  knowledge  at  the  time  or  the 
views  which  happened  to  be  in  favour  regarding  the  origin  of  mountain 
chains  and  the  conditions  of  equilibrium  of  the  sea-level. 

The  ancients  were  well  aware  that  the  sea  once  extended  inland  as  far 
as  the  oasis  of  Jupiter  Ammon,  and  that  it  covered  all  the  low-lying  ground 
from  the  Casius  to  the  Red  Sea :  the  polemic  in  Strabo's  Geography  (I,  3) 
bears  striking  witness  to  the  zeal  with  which  they  sought  to  solve  this 
problem.  In  accordance  with  Archimedes,  Strabo  asserted  that  the  surface 
of  all  undisturbed  water  tends  to  correspond  with  that  of  a  sphere,  which 
has  the  same  centre  as  the  earth.  Seas,  he  maintains,  have  no  slope.  He 
reproaches  Eratosthenes  with  credulity  for  having  believed  on  the  evidence 
of  certain  engineers  that  the  water  on  the  two  sides  of  the  isthmus  of 
Corinth  stood  at  different  levels.  According  to  Strabo,  not  only  islands 
and  isolated  mountains  are  subject  to  elevation,  but  also  the  mainland 
itself ;  on  the  other  hand  tracts  of  land  of  greater  or  less  extent  are  liable 
to  give  way  and  sink  towards  the  interior. — 

Space  would  fail,  were  I  to  attempt  to  write  the  history  of  this  discussion, 
which  is  as  old  as  our  science  itself ;  yet  as  previously  we  illustrated  the 
nature  of  volcanos  and  the  diverse  origin  of  earthquakes  by  certain  selected 
examples,  so  now  we  will  attempt  by  means  of  a  few  chapters  of  this  history 
to  bring  into  relief  itome  at  least  of  the  successive  aspects  which  this  ques- 
tion has  assumed. 

Now,  however,  it  is  no  longer  to  the  mute  eloquence  of  nature  that  we 
must  lend  an  ear,  but  to  the  conflict  of  human  opinion,  sometimes  loud* 
voiced  enougL — 
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CH.  I]  VINCENTIUS  OF  BEAUVAIS  3 

It  is  January  20,  1320.  The  bells  of  Verona  ring  in  a  bright  Sunday 
morning,  and  the  crowd  greets  with  respect  a  personage  of  tall  stature  and 
earnest  countenance,  approaching  with  slightly  inclined  head  to  enter  the 
chapel  of  Santa  Helena :  it  is  Dante. 

All  that  can  move  the  human  soul  the  great  poet  has  felt,  and  in  the 
realm  of  imagination  he  has  travelled  farther  than  any  mortal  man  before 
him.  He  has  survived  the  loss  of  his  Beatrice,  and  the  loss  of  the  emperor 
from  whom  he  had  hoped  a  better  future  for  his  country.  Now  flying 
from  the  hatred  of  his  native  city  he  has  found  a  refuge  at  the  court  of  the 
leader  of  the  Ghibellines  of  upper  Italy,  Can  Grande  of  the  house  of  the 
Scaligeri.  With  a  gift  of  description  never  before  equalled  he  has  led  his 
astonished  contemporaries  to  the  heights  of  the  blessed  and  the  depths  of 
the  lower  world ;  and  now  he  returns  to  the  starting-point  of  his  mightiest 
creation,  to  the  examination  of  that  which  is  greater  than  all  the  concep- 
tions of  poetry,  the  actual  constitution  of  the  Universe. 

Dante  has  to-day  invited  the  whole  educated  world  of  Verona  to  listen 
to  a  discourse  in  this  chapel,  entitled '  De  aqua  et  terra.'  He  proposes  to  dis- 
cuss the  relative  position  of  land  and  sea,  and  as  he  tells  us  himself,  every 
one  came  at  his  invitation,  *  with  the  exception  of  a  few,  who  feared  by  their 
presence  to  confirm  the  exceptional  importance  of  others'.' 

But  it  is  difficult  for  us,  accepting  as  it  were  this  invitation  after  an 
interval  of  more  than  five  hundred  years,  to  examine  without  prejudice  the 
views  of  the  great  poet.  It  is  not  easy  to  free  ourselves  from  that  presump- 
tion of  superiority  with  which  we  are  wont  to  regard  the  eflbrts  of  a  period 
80  remote,  in  which  nevertheless,  with  the  assistance  of  Arabian  science  and 
the  somewhat  fragmentary  remains  of  Aristotle,  the  foundations  of  the 
existing  edifice  were  laid :  a  task  accomplished,  in  spite  of  the  paucity  of 
observations,  by  the  courageous  and  untiring  efforts  of  the  more  eminent 
spirits  to  obtain  a  victorious  comprehension  of  the  Cosmos  as  a  whole. 

The  work  of  recognized  authority  in  Dante's  time  was  the  '  Speculum 
quadruplex'  of  the  Dominican,  VvnceTvtiua  of  Beauvais^  completed  in  the 
year  1244.  This  monk,  one  of  the  ornaments  of  the  court  of  Saint  Louis, 
arranged  the  material  in  the  cosmographical  part  of  his  encyclopaedia  in 
accordance  with  the  seven  days  of  creation  *.  Vincentius  points  out  the 
contrast  which  exists,  in  the  genesis  of  the  elements,  between  the  fiat  lux 
on  the  one  hand,  and  the  congregentur  aquae  ut  appareat  arida  on  the 
other.    In  the  expression  congregentur  aquae  he  sees  a  condensation  of  the 

'  QQistione  trattata  in  Verona  da  Dante  Alighieri  il  di  20.  gennajo  mcccxx  intorno 
alia  forma  del  globo  terracqueo  ed  al  luogo  respettivamente  occupato  dall*  acqna 
e  dalla  terra ;  ed.  Torri,  Livomo,  1843,  p.  xlii,  §  xziv. 

^  Bibliotheca  Mundi,  sen  vener.  viri  Vincentii  Burgundi  ex  ord.  praedicat.  episcop. 
belloTac.  Speculum  quadruplex,  natunde,  doctrinale,  morale,  historiale;  fol.  Bellenis, 
Duaci,  1624 ;  lib.  V,  col.  307,  et  seq. 
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water  vapour  in  the  lower  layers  of  the  atmosphere,  an  accumulation  of  the 
resulting  water  in  the  hollows  of  the  earth's  surface,  the  awakening  of  the 
vis  inclinativa  ad  deacenaum,  or,  as  we  should  say,  of  the  force  of  gravity, 
previously  slumbering  in  the  molecules  of  water.  As  the  blood  communi- 
cates with  the  heart,  so  all  the  waters  flow  into  the  sea.  The  surface  of 
the  earth  is  spherical,  so  likevrise  is  that  of  the  waters. 

Thus  far  the  conceptions  of  Vincentius  are  clear,  and  there  is  no  funda- 
mental difference  of  opinion  among  his  successors.  In  continuing  his 
examination  of  the  curvature  of  the  Ocean,  Vincentius  is  led  to  reflect  on 
the  rounding  of  the  surface  of  water  in  a  goblet,  and  the  spherical  form  of 
a  drop.  The  fact  that  the  shore  may  be  kept  longer  in  view  from  the  mast 
of  a  ship  than  from  the  deck,  seems  to  him  a  proof  of  the  independent  con- 
vexity of  the  surface  of  the  sea,  iuid  from  the  presence  of  springs  in  the 
high  mountains,  he  concludes  that  the  Ocean  must  stand  at  a  higher  level 
than  the  mainland. 

Thus  Vincentius  furnishes  us  with  the  first,  though  vague  suggestion,  of 
a  force  of  cohesion,  as  seen  in  the  law  by  which  a  drop  is  formed:  this 
influences  and  indeed  determines  the  form  of  the  surface  of  the  Ocean,  which 
consequently  does  not  dejy^nd  solely  on  the  action  of  gravity.  We  might 
almost  say  that  hie  represents  the  Ocean  to  us  as  a  single  gigantic  drop 
adhering  to  the  globe  K 

Other  investigators,  as  Roger  Bacon^  in  his  remarkable  'Opus  Mains,' 
which  he  presented  to  Pope  Clement  IV  in  1267,  start  from  the  unity  of 
the  Centrum  muTidi  and  the  concentric  arrangement  of  all  the  spheres  of 
the  Universe :  this  view  received  its  clearest  expression,  so  far  as  it  refers 
to  the  Ocean,  in  that  lamous  chapter,  where  Bacon  shows  that  a  goblet 
would  be  capable  of  containing  more  liquor  in  the  cellar  than  in  the  tap- 
room* Every  point  in  the  surface  of  a  liquid,  says  Bacon,  lies  equally 
distant  from  the  centre  of  the  earth,  every  such  surface  is  thus  a  part  of 
a  spherical  surface ;  the  nearer  the  centre,  the  smaller  the  radius  of  curva- 
ture, the  more  considerable  therefore  its  elevation  above  the  edge  of  the 
vessel  *. 

Nevertheless  the  idea  gained  ground  that  the  oceanic  sphere  possessed 
an  independent  form,  its  elevation  above  the  mainland  was  held  to  be  an 
incontestable  fact,  perceptible  to  the  senses,  and  many  authors  spoke  of  it 
as  rising  in  a  definite  asymmetrical  ridge.  Among  these  was  Brunette 
Laivniy  that  teacher,  who  had  instructed  Dante  '  how  man  may  immortalize 

^  Op.  cit  lib.  VI,  col.  877,  cap.  xiL  '  Quod  eiiam  Oceanus  terrain  cingens  in  verticem 
sit  coactos.'  W.  Schmidt  justly  lays  emphasis  on  the  importance  of  this  passage,  and  on 
the  contrast  between  aelf-conformation  voidi  figure  of  the  earth ;  see  his  dissertation,  Ueber 
]>ante*s  Stellung  in  der  Geschichte  der  Eosmographie,  8to,  Graz,  1876,  p.  10,  note. 

'  Fratris  Bogeri  Bacon,  ord.  minor.,  Opus  ICaius  ad  Clementem  lY,  Pont.  Rom. ;  ed. 
Jebb,  foL,  Lond.,  1788,  p.  97,  cap.'x*. 
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himself  ^J  After  the  defeat  inflicted  by  Manfred  on  the  Florentines  near 
Monte  Aperti  in  1260,  Bmnetto,  who  waa  also  a  distinguished  statesman, 
retired  into  exile  in  France,  where  he  remained  nntil  1267,  i.  e.  ontil  after 
Manfred's  deatii  at  the  battle  of  Benev^ito.  It  was  daring  this  period  that 
he  composed  his  chief  work  '  Li  Uvres  dou  Tresor' ;  in  this  also  the  theory 
of  the  elevation  of  the  sea  above  the  land  was  maintained,  chiefly  on  acoonnt 
of  tiie  elevated  situation  of  many  Bprings  K  But  in  Dante's  case  the  intui- 
tion of  a  scientific  mind  gradoally  entered  into  conflict  with  the  views  of 
bis  beloved  teacher,  and  that  is  probably  the  reason  why  Dante  in  the  whole 
of  hia  discourse  'De  oqoa  et 
terra'does  not  once  mention 
the  name  of  any  of  his 
opponents  ^ 

Dtuite  be^ns  by  enn- 
merating  the  arguments  of 
the  rival  schools,  and  shows 
that  they  lead  to  two  alter- 
natives ;  either  the  whole 
mass  of  water  is  situated 
eccentrically  or  there  is  a 
local  swelling  up  of  part  of 
it.  He  asserts  Uiat  neither 
of  these  hypotheses  is  ten- 
able. If  the  mass  of  the 
Ocean  were  eccentric,  then 
water  must  be  capable  of 
flowing  both  npwardfi  and 
downwards.  Let  the  points  A  and  B(Fig,  2)  represent  the  two  centres.  A  mass 
of  earth  and  a  quantity  of  water  falling  from  Z  to  the  earth  would  proceed 
in  different  directions :  but  gravity  is  a  property  common  to  all  bodies. 

For  the  same  reason  a  local  protuberance  of  the  Ocean  is  also  impossible, 
for  it  would  be  at  once  dispersed. 

The  Ocean  is  thua  concentric  with  the  earth  and  every  part  of  its  surface 
is  equidistant  from  the  common  centre.  Since,  however,  the  shores  of  the 
oontinenta  and  the  continents  themselves  rise  above  the  surface  of  the 


-iS^f^ 


•  Inferno,  cant.  XT,  t.  82-85. 

*  Bmnetto  I^tini,  Li  Livrei  doa  Tresor,  pabL  par  P.  Chabaille,  Collection  de  doca- 
nenta  in^t*  lar  Iluatoiie  de  France,  pnblide  poi  les  Boins  dn  Ministre  de  llnstniction 
Pnbliqne,  4to,  Parii,  1863.  In  partioalar  liv.  I,  cap.  en,  pp.  114-116 ;  also  p.  169  :  '  et 
Manritaine  fenit  en  haute  mer  de  Egjpte ;  et  commence  cele  de  Libe,  ou  il  y  a  trop 
fieres  merveilles  ;  car  la  mer  i  eat  aeseE  plus  hante  que  la  terre.  et  ae  retient  dedaiu  ees 
marges  en  tele  maniere  que  ele  ne  chiet  ne  ne  deoonrt  sor  la  terre.' 

'  Inferno,  cant.  XT,  t.  119,  120:  'Siati  raccomandato  il  mio  Teaoro  Nel  quale  io 
TITO  oncoia. . .  .' 
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water,  these  parts  of  the  earth  must  be  higher  than  the  Ocean.  Again,  it 
is  evident  that  the  earth  rises  from  the  Ocean  owing  to  particular  elevations 
of  its  masSj  and  not  as  the  result  of  eccentricity,  since  in  the  latter  case  the 
dry  Ifiuid  would  be  bounded  by  a  circular  outline,  and  this  we  know  is  not 
the  case. 

There  exists  then  a  true  elevation  of  the  land,  and  of  this  we  must 
seek  to  discover  the  cause.  '  Dico  igitur^*  says  Dante,  '  qiuod  causa  huius. 
devaiionis  effwiens  non  potest  esse  terra  ipse;  quia  quurti  elevari  sit 
quoddavii  ferri  sursum;  et  ferri  sursum  sit  contra  ncUuram  terrae^J 
The  earth  cannot  elevate  itself;  nor  can  the  cause  be  water,  fire,  or  air; 
the  elevating  force  must  therefore  be  sought  in  the  heavens. 

In  the  starry  firmament  this  force 
cannot  for  obvious  reasons  emanate 
from  the  moving  stars,  the  moon, 
sun,  or  planets ;  it  must  therefore  be 
sought  in  the  fixed  stars,  which  exer- 
cise this  influence,  either  after  the 
manner  of  magnets  or  by  the  pro* 
duction  of  active  vapours.  Dante 
thus  adopts  the  system  which  had 
already  been  expounded  in  greater 
detail  by  Ristoro  cPArezzo  in  1282  ; 
according  to  this  not  only  must 
the  irregularities  of  the  earth's 
surfjGkce  be  ascribed  to  the  fixed 
stars,  but  mountains  and  valleys 
present  as  it  were  a  mirror  of  the 
various  distances  of  these  stars 
from  the  earth,  in  an  inverted  sense, 
like  the  impression  of  a  seal  in  wax  K 
In  conclusion,  Dante  reminds  his  hearers  that  the  apparent  sinking  of 
the  coast  observed  by  the  departing  sailor  simply  results  from  the  general 
curvature  of  the  liquid  sphere,  and  adds  it  has  long  been  known  that 
springs  are  not  fed  by  water  directly  ascending,  but  are  formed  by  the 
condensation  of  water  vapour  on  the  mountains  ^. — 

*  Dante,  Qoistione,  &c.,  §  zx.  De  causa  efficiente  eleyaiionis  Terrae ;  ed.  Torri, 
p.  zxxvL 

'  Ristoro  d*Arezzo,  La  Composizione  del  mondo,  testo  italiano  del  1282  pubblicato  da 
£.  Nardncci,  8vo,  Boma,  1859,  p.  79.  In  addition  Ristoro  is  aware  of  the  erosive  power 
of  water,  and  of  the  existence  of  fossilized  remains  of  marine  animals :  he  even  suggests 
the  influence  of  earthquakes  on  mountain  structure,  p.  83,  et  seq. 

'  This  was  the  opinion  of  Dante,  the  cosmographer ;  let  us  compare  it  with  [the  views 
expressed  in]  his  poetry.  Vincentius  of  Beauvais  dedicates  a  whole  chapter  (lib.  VI, 
cap.  vii)  to  the  question :  *  Quorsum  iniectus  lapis  erit  casurus,  si  perforatus  sit  terrae 


FiQ.  2.  Copied  from  Dante :  QuaeMHo  de 
Jbrma  et  eitu  ciquae  et  terraey  editio  Torri, 
p.  zziv. 

A  Centre  of  the  Earth  and  Heavens, 

B  Centre  of  the  Ocean ; 

t  indicates  the  Earth,  ft  the  Ocean,  fff  the 
Heavens. 
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Dante  died  in  the  following  year,  A.  D.  1321.  Let  us  hasten  through 
the  centuries  towards  a  period  when  as  the  result  of  increased  observation 
that  varied  and  almost  uninterrupted  succession  of  diverse  theories  arose, 
which  has  not  even  yet  reached  an  end. 

In  1692,  a  young  nobleman  of  Lorraine,  Benoid  de  MaiUet,  was 
appointed  French  consul  in  Egypt;  transferred  in  1708  to  Leghorn,  he 
was  afterwards  sent  on  several  occasions  to  the  Levant,  and  thus  became 
acquainted  with  the  coasts  of  the  Mediterranean.  He  observed  indication]^ 
of  the  retreat  of  its  waters,  and  concluded  that  the  volume  of  the  Ocean 
suffers  a  continuous  diminution:  his  results  were  not  published  till  after 
his  death  in  1748  \ 

Meanwhile  attention  was  being  directed  in  Sweden  to  facts  of  the  same 
kind.  In  1702,  the  physicist  Hjcume,  having  discovered  that  the  coast-line 
was  receding,  caused  marks  to  be  cut  in  several  of  the  rocks  in  order  to 
measure  the  rate  of  the  movement.  Emmanud  Swedenhorg  believed  the 
sea  to  be  sinking,  and  this  to  a  greater  extent  in  the  north  than  in  the 
south :  in  proof  of  this  he  called  attention  to  the  rapid  increase  in  the  area 
of  Lapland.  The  idea  of  a  change  in  the  form  of  the  liquid,  envelope  of 
the  planet  here  finds  definite  expression.  In  a  letter  of  May  21,  1721, 
addressed  to  Jacobus  a  Melle  (von  Honig)  of  Liibeck,  Swedenborg  asserts, 
not  indeed  as  a  fact,  but  as  a  hypothesis  worthy  of  consideration,  that  *  the 
water  of  the  Ocean  sinks  towards  the  poles  and  (probably)  rises  towards 
the  equator,  and  that  islands  previously  separated  from  the  land  have  been 
united  with  it  by  the  sinking  of  the  sea^' 

Swedenborg  took  no  part  in  the  discussion  of  this  question  which  arose 
a  few  years  later  in  his  own  country :  his  name  is  scarcely  mentioned  in 
connexion  with  it.  The  poet  Dante,  after  he  had  achieved  the  greatest 
creations  of  his  genius,  was  still  capable  of  high  endeavour  in  the  pursuit 

globas.'  It  will  rest  in  the  centre,  says  VincentiuB.  It  appears  to  many  authors  of  that 
time  to  be  an  almost  insoluble  problem  that  an  element  so  light  as  fire  should  appear  in 
the  interior  of  the  earth,  since  the  spheres  are  otherwise  arranged  according  to  the 
weight  of  their  matter.  Let  us  consider  in  addition  the  conception  of  Jerusalem  as  the 
centre  of  the  inhabitable  world,  and  the  relations  of  the  central  fire  of  the  earth  to  hell. 
Lucifer,  cast  down  headlong,  reaches  the  earth  at  a  point  exactly  opposite  to  Jerusalem, 
and  travels  to  the  centre  of  the  globe  ;  ihe  principle  of  evil  is  now  identified  with  the  force 
vf  gravity,  Cf.  the  sketch  of  the  centre  of  the  earth  by  Philalethes,  Uebersetzung  von 
Dante's  G6ttlicher  Komddie,  3.  Aufl.,  1877,  Taf.  II,  III. 

^  Telliamed,  ou  Entretiens  d*un  philosophe  indien  sur  la  diminution  de  la  mer,  avec 
un  missionnaire  franyais ;  vol.  1, 1748,  voL  II,  1755.  Some  absurdities  and  a  certain  lack 
of  criticism  as  regards  the  facts  enumerated  may  have  contributed  to  cause  this  work, 
in  which  e.  g.  Bronn*s  Terripetal  theory  is  clearly  anticipated,  to  fall  too  early  into 
oblivion.  Quatrefages  has  done  it  justice  in  his  '  Charles  Darwin  et  ses  precurseurse 
fran9ais,'  8vo,  1870,  p.  19-32. 

*  Epistola  nobiliss.  Emanuelis  Swedenborgii  ad  Vir.  celeberr.  lacobum  a  Melle. 
Acta  Literar.  Suec.  1,  Upsala  et  Stockholm,  1721,  p.  196 ;  also  by  the  same,  Miscellaneae 
observationes  circa  res  naturales,  8vo,  Leipzig,  1722, 1,  p.  47. 
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of  physical  tmth:  the  naturalist  Swedenborg  on  the  other  hand  after 
a  long  scientific  career  turned  his  attention  towards  the  spiritual  world* 
The  poet  may  attempt  to  cross  the  limits  of  the  earthly,  he  is  lord  in  the 
kingdom  of  dreams;  but  if  the  mcui  of  science,  whose  heavier  foot  is 
accustomed  to  the  firm  ground  of  proof,  venture  into  this  realm,  then  while 
he  thinks  he  is  perceiving  realities  visions  are  his  masters. 

In  the  region  of  the  Mediterranean,  two  distinguished  hydraulic 
engineers,  Manfredi  of  Bologna  eaid  Zendrini  of  Venice,  had  meanwhile 
made  observations,  which  led  to  results  entirely  opposed  to  those  of 
de  Maillet,  but  in  harmony  with  the  suggestion  of  Swedenborg.  In  their 
opinion  the  surface  of  the  Mediterranean,  so  far  from  being  in  process  of 
sinking,  was  slightly  rising.  The  discovery  of  a  marble  pavement  beneath 
the  cathedral  of  Ravenna,  eight  inches  below  high-water  mark,  and  the 
constant  flooding  of  some  of  the  lower  parts  of  the  Doge's  palace  in  Venice, 
as  well  as  the  condition  of  the  church  of  Saint  Mark,  were  the  evidence  of 
this  movement.  Manf redi's  treatise,  '  De  aucta  maris  altitudine,'  did  not 
appear  till  after  his  death  in  1746 :  in  this  he  explained  the  rising  of  the 
sea-level  as  due  to  the  great  quantity  of  sediment  yearly  carried  down  to 
the  sea  by  rivers  ^ 

Let  us  now  return  to  Sweden. 

It  is  the  autumn  of  the  year  1729.  In  the  university  garden  of  Upsala 
sits  a  poorly  clad  student  of  medicine  and  jots  down  the  names  of  the 
plants.  His  poverty  is  such,  that,  as  he  confessed  later,  he  cannot  afford 
to  have  his  shoes  mended,  and  is  obliged  to  put  paper  in  them  that  he  may 
not  walk  on  the  bare  sole.  This  is  Linnaeus,  son  of  the  vicar  of  Sten- 
brohult,  now  in  his  twenty-second  year.  An  ecclesiastic  of  some  note, 
Olaf  Cdsma,  subsequently  provost  of  the  chapter  of  Upsala,  and  now 
en^iged  in  preparing  a  history  of  plants  mentioned  in  the  Bible,  addresses 
the  student,  questions  him  concerning  a  number  of  botanical  names  used 
by  Toumefort,  is  delighted  with  his  knowledge  and  takes  him  back  to 
his  house.  The  young  man's  zeal  soon  wins  for  him  the  full  favour  of 
Celsius  and  the  intimate  friendship  of  his  nephew  Andreas  ^. 

^  £.  Manfredi,  De  aucta  maris  altitadine ;  De  Bonon.  Sclent,  et  Art.  Instituto  atq. 
Acad.  Commentarii ;  torn.  I,  pars  2,  Bonon.,  1746,  pp.  1-19.  Manfredi  had  made  his 
observations  in  1^81,  and  died  not  long  after,  in  1789 ;  cf.  op.  cit.  torn.  II,  pars  1, 1745, 
p.  287  et  seq.  Ravenna,  according  to  the  testimony  of  Vitruvius,  was  moreover  entirely 
built  on  piles;  to  what  extent  even  in  early  times  its  low  situation  gave  rise  to 
complaints  is  shown  by  the  passage  quoted  by  Manfredi  from  Sidonius  ApoUinarius,  an 
author  of  the  end  of  the  fifth  century,  who  calls  Ravenna  a  marsh  where,  contrary  to  all 
the  laws  of  nature,  'muri  cadunt,  aquae  stant,  turres  fluunt,  naves  sedent,  aegri 
deambulant,  medici  iacent,  algent  balnea,  domicilia  conflagrant,  sitiunt  vivi,  natant 
sepulti.*    The  graves  thus  extended  downwards  into  the  water. 

'  Afzelius,  Linnd's  eigenh&ndige  Aufzeichnungen  tlber  sich  selbst,  aus  dem  Schwe- 
dischen  v.  Lappe,  8vo,  Berlin,  1826,  p.  12. 
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It  was  in  1724,  while  still  a  youth,  that  Andreas  Celsius  had  visited  the 
shores  of  the  golf  of  Bothnia.  He  had  observed  the  retreat  of  the  sea  at 
Huddiksvall,  Fitei,  and  LuleL  At  Tomei  he  had  been  shown  to  his 
astonishment  that  the  harbour  constructed  in  1620  was  already  useless. 
Manners  pointed  out  places,  now  scarcely  navigable  for  boats,  on  which 
great  ships  had  once  sailed.  Near  Langelo  and  in  other  places  he  saw 
rings  to  which  ships  had  once  been  made  fast,  now  at  a  distance  from  the 
sea.  From'  these  facts  he  inferred  a  sinking  of  the  sea-level  to  the  extent 
of  about  forty-five  inches  (133  cm.)  in  the  century. 

Let  us  now  pass  over  the  fourteen  years  which  followed  the  meeting 
in  the  botanic  garden.  Linnaeus  and  Andreas  Celsius  have  both  become 
professors  in  ordinary  at  the  University  of  Upsala.  They  have  travelled 
much  in  Europe,  and  Celsius  has  enjoyed  the  friendship  of  Manfredi  in 
Bologna;  he  has  also  taken  a  prominent  part  in  the  measurement  of 
degrees  made  by  the  French  in  the  north ;  they  have  each  visited  Lapland ; 
each  enjoys  the  highest  reputation  in  the  learned  world.  They  agree 
together  to  put  forward  in  University  lectures  the  much  discussed  and 
much  opposed  views  of  Celsius  on  the  shrinking  bf  the  sea  ^ 

Linnaeus  delivered  his  lecture  on  April  12,  1743,  Celsius  followed  on 
the  22nd  of  Jime  in  the  same  year :  in  giving  an  account  of  these  discourses 
I  will  take  first  that  of  Celsius,  since  he  is  the  greater  authority  on  this 
subject,  and  presents  us  on  this  occasion  with  a  summary  of  his  \4ews. 

Celsius  adopts  the  following  line  of  argument : — 

We  must  consider  our  planet  in  three  successive  states:  the  first  is 
that  of  inundation,  the  last  that  of  conflagration,  and  between  these  is  an 
intermediate  state.  As  regards  the  state  of  inundation,  which  commenced 
very  long  ago,  we  have  information  of  various  kinds.  We  now  live  in  the 
intermediate  state,  but  everywhere  we  may  observe  signs  of  the  retreat  of 
the  sea;  its  volume  is  diminishing,  and  so  we  are  hastening  to  the  last 
state,  that  of  conflagration:  the  sun  has  already  entered  upon  this,  the 
planets  are  in  various  stages  of  the  intermediate  state,  more  or  less  removed 
from  inundation  and  conflagration. 

Linnaeus  adds  to  this,  as  a  kind  of  supplement,  the  following : — 

The  Lord  did  not  create  many  individuals  nor  were  they  scattered  over 
the  whole  world— to  what  end  the  creation  of  many  when  the  same  object 
may  be  attained  by  means  of  (me  pair  or  even  one  individual  ?  Year  by 
year  the  sea  recedes,  and  the  outlines  of  the  mainland  are  correspondingly 

^  G.  Linnaei  Oratio  de  Telluris  habitabilis  Incremento,  et  A.  Celsii  Oratio  de  Muta- 
iionibuB  generalioribus  quae  in  Snperficie  Coipomm  Coelestium  contingunt,  8vo,  Lugd. 
Batav.,  1744 ;  for  the  actual  facts  also:  A.  GelsiuB,  Anmerkung  von  Verminderung  des 
Wassers  in  der  Ostsee  und  dem  Ostlichen  Meere;  der  kOn.  schwed.  Akad.  d.  Wiss. 
Abhandl.,  &c.,  auf  das  Jahr  1743,  translated  by  A.  G.  Kiistner;  Y,  Hambuig,  1751, 
pp.  25-87. 
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extended.  Originally  the  mainland  was  only  a  little  island  containing 
everything  which  the  Creator  had  appointed  for  the  use  of  the  human 
race.  This  island,  that  is  to  say  Paradise,  we  may  imagine  as  a  lofty 
mountain  under  the  equator ;  over  the  slopes,  from  foot  to  snow-covered 
summit,  every  species  of  plant  found  the  climate  suited  to  it.  As  the 
mainland  increcused  in  size  the  seeds  of  these  plants,  often  of  peculiar  and 
specially  adapted  structure,  were  distributed  by  winds,  rivers,  and  birds. 

Andreas  Celsius  died  in  1744,  the  very  year  in!  which  these  two  lectures 
appeared  in  print  in  Leyden.  The  conclusions,  of  Linnaeus  were  on  all 
sides  favourably  received,  owing  to  their  conformity  with  biblical  tradition, 
whereas  those  of  Celsius,  although  the  outcome  of  the  same  general  view, 
called  forth  the  most  violent  opposition,  particularly  his  reference  to  the 
approaching  destruction  of  all  living  things.  Affairs  reached  such  a  point, 
that  when  the  state  historian,  Olavs  Dalin,  brought  forward  fresh  proofs 
from  historical  sources  in  favour  of  Celsius,  the  Swedish  diet  expressed  its 
disapproval  of  his  theory  by  a  special  decree. 

This,  however,  did  not  temper  the  keenness  of  the  controversy.  Many 
supported  the  views  of  Celsius ;  some  attempted  to  explain  the  shrinking 
of  the  Ocean  by  evaporation  into  space,  others  returned  to  an  older  theory 
of  Pontoppidan,  revived  of  late  years  by  Saemann,  according  to  which  the 
fixation  of  water  vapour  had  taken  place  during  the  consolidation  of  the 
globe.  On  the  other  side,  the  leading  opponent  of  the  theory  was  Bro- 
wallius,  the  learned  bishop  of  Abo.  He  pointed  out  that  the  low  island  of 
Saltholm,  near  Copenhagen,  was  in  existence  as  far  back  as  1230,  and 
consequently  that  the  observations  made  by  Celsius  further  to  the  north 
were  not  confirmed  in  the  south :  he  showed  also  that  in  the  north  itself, 
on  the  coast  of  Finland,  in  the  district  of  Abo  and  in  Bjomeborg's  Lan, 
trees  of  great  age  stand  but  a  few  feet  above  the  actual  sea-level ;  as  for 
instance  in  Bjemoskargaard,  where  a  tree  was  felled  which  stood  only  four 
feet  above  the  water-level  although  it  was  810  years  old.  To  these  very 
important  and  indisputable  facts  I  shall  recur  later  \ 

The  work  of  Bishop  Browallius  made  a  deep  impression,  and  treatises 
on  this  subject  became  less  numerous :  finally,  in  1792,  that  is  almost  fifty 
years  after  the  two  discourses  of  Celsius  and  Linnaeus,  Admiral  Narde- 
7W,7ikar,  who  possessed  a  thorough  knowledge  of  the  Baltic,  advanced  new 
views  on  the  imdoubted  sinking  of  the  water-level.  The  work  in  which 
these  were  published  failed  unfortunately  to  find  the  appreciation  it 
deserved-.    According  to  Nordenankar  th^  Baltic  must  be  classed  with 

*  J.  BrovalliuB,  Bet&nkningar  om  Vattensminskning,  8vo,  Stockholm,  1755  ;  published 
in  German  under  the  title '  HistoriBohe  und  physikalische  Untenuchung  der  vorgegebenen 
Verminderung  des  Wassers  und  VergrOsserung  der  Erde,'  &c.,  translated  by  E.  £.  Klein, 
8to,  Stookhohn,  1756. 

*  J.  Nordenankar,  Tal.  om  StrOmg&ngarne  i  ()ster-Sj6n,  h&Uet  for  kongl.  Vetenskaps 
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inlfiuid  lakes,  the  universal  characteristic  of  which  is  that  they  stand  at 
a  higher  level  than  the  Ocean,  just  as  the  Malar  stands  at  a  higher  level 
than  the  Baltic.  For  this  reason  the  decrease  of  the  water  is  less 
surprising.  It  was  not  till  communication  was  established  between  the 
Baltic  and  the  North  Sea  through  the  Oresund  and  the  Belts  that  the 
shrinkage  of  the  water  began:  but  at  what  period  this  connexion  was 
effected  we  do  not  know,  nor  do  we  know  when  the  waters  of  the  Baltic, 
either  by  steady  eflux  or  by  a  sudden  outburst,  will  be  brought  into 
equilibrium  with  the  Ocean;  and  not  till  this  happens  will  the  sinking 
of  the  water-level  come  to  an  end. 

No  fewer  than  two  hundred  rivers  flow  down  from  the  surrounding 
land  into  the  Baltic,  and  the  water-level  consequently  varies  with  the 
year  and  the  season.  Steady  winds  accelerate  discharge  into  the 
North  Sea  or  check  it,  according  to  their  direction,  and  thus  affect  the 
water-level. 

Nordenankar  has  thus  the  credit  of  calling  attention  for  the  first  time 
to  the  peculiar  conditions  which  prevail  in  the  Baltic,  and  the  important 
influence  of  the  fresh  water  which  flows  into  it. 

In  Italy,  meanwhile,  a  fresh  approach  had  been  made  to  the  earlier 
views  of  Swedenborg. 

The  first  volume  of  the  works  of  the  mathematician  Frisiy  published  in 
Milan  in  1782,  contains  a  remarkable  chapter  'De  aucta  et  imminuta 
Manum  Altitudine.'  The  author  concludes  from  the  observations  of 
Celsius  and  Manfredi  that  the  sea-level  in  the  north  is  sinking,  while 
in  the  Mediterranean  it  is  rising.  Distinguished  investigators  had,  it  is 
true,  expressed  the  opinion  that  the  mainland  of  Scandinavia  is  being 
raised  by  the  force  of  a  subterranean  fire  (Runeberg),  but  the  elevation 
of  such  vast  districts  and  such  mighty  mountain  chains  cannot  take  place 
without  great  and  prolonged  concussions  of  the  earth  or  without  the 
subterranean  fire  somewhere  making  its  appearance,  and  even  then,  such 
movements  would  be  very  unequal  in  extent.  Frisi  further  observes  that 
although  all  seas  with  free  communication  must  adapt  themselves  to  the 
form  of  some  continuous  curve,  yet  an  increased  velocity  of  rotation  would 
produce  subsidence  of  the  sea-level  towards  the  poles.  Such  an  acceleration 
is  experienced  by  all  bodies  in  process  of  condensation,  which  rotate  about 
a  definite  axis  ^. 

Even  in  the  case  of  Italy  doubts  arose.    Breidak  examined  the  now 

Academien,  vid  Praesidii  nedl&ggande,  18.  Jan.  1792,  8vo,  Stockholm,  1792.  My 
attention  was  drawn  to  this  treatise,  now  yerj  rare,  by  Dr.  D.  G.  Nathorst  and  Dr.  J.  A. 
Ahlstrand,  librarian  in  Stockholm.  A  German  translation  exists  under  the  title  *  Die 
StrOmungen  der  Ostsee.* 

^  P.  Frisii  Openim  tomus  I,  Algebram  et  Geometriam  analyticam  continens,  4to, 
Mediolani,  1782,  pp.  270-276. 
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classic  example  of  the  temple  of  Serapis  at  Puzzuoli;  he  was  obliged  to 
admit  that  no  satisfactory  explanation  had  been  found,  and  in  the  French 
edition  of  his  Travels  in  Campania  published  in  1801  he  suggests  the 
theory  that  the  land  itself  had  sunk  five  meters  and  had  then  risen  again 
to  the  sahie  extent.  The  translator  Pcftn/mereml,  it  is  true,  adds,  'This 
notion  seems  to  be  a  jest ;  it  is  like  cutting  the  Gordian  knot  because  we 
cannot  unravel  it  \' 

The  views  of  Frisi  were  opposed  by  Playfair  in  1802,  chiefly  on  the 
ground  that  coral  reiefis  had  been  met  with  in  the  tropics  below  the  existing 
sea-level;  cuid  returning  to  the  older  theory  of  Lassaro  Moro,  Playfair 
came  to  the  conclusion  that  in  Sweden  the  land  was  indeed  in  process 
of  elevation.  At  the  same  time  he  emphasized  the  absence  of  trustworthy 
observations  and  the  difficulty  of  obtaining  them.  The  views  we  now 
regard  as  established,  he  remarks,  are  merely  provisional  and  will  be 
altered  and  corrected  as  knowledge  advances^. 

Leopold  von  Buck  soon  followed  with  much  greater  decision  in  the 
same  path.  In  the  last  days  of  September,  1807,  he  travelled  from  Tomea 
to  the  south.  '  It  is  certain,'  he  wrote  then,  *  that  the  surface  of  the  sea 
cavmot  sink]  the  equilibrium  of  the  seas  simply  does  not  permit  of  it. 
Since,  however,  the  phenomenon  of  diminution  cannot  be  doubted,  there 
remains,  as  far  as  we  jcan  see  at  present,  no  other  course  than  to  admit  that 
the  whole  of  Sweden  is  being  dowly  elevated,  from  Frederikshald  to  Abo 
and  perhaps  even  to  Saint  Petersburg  ^.' 

A  change  of  opinion  was  beginning  to  make  itself  felt.  The  theory 
of  desiccation,  as  we  will  call  the  doctrine  of  de  Maillet  and  Celsius,  was 
gradually  giving  way  to  the  theory  of  devotion  advocated  by  Playfair 
and  von  Buch. 

We  must  not,  however,  imagine  that  the  desiccation  theory  was  at 
once  abandoned.  On  the  contrary,  for  a  brief  season  it  attained  greater 
popularity  than  ever  before.  This  was  at  the  conclusion  of  the  great  wars, 
at  the  beginning  of  the  last  century,  when  milUons  of  men  were  expecting 
the  end  of  the  world  on  July  18, 1816.  Just  as  the  individual,  weakened 
physically  by  want  of  food,  or  poverty  of  blood,  is  subject  to  mental 
disturbances  in  which  depression,  anxiety,  and  undefined  presentiment  of 
death  struggle  for  expression,  so  the  exhaustion  of  the  people  at  that  time 
might  be  measured  by  the  irresistible  force  with  which  the  idea  of  the 
immediately  impending  end  of  all  living  things  took  possession  of  whole 

^  S.  Breiglak,  Voyages  physiques  et  lithologiques  dans  la  Companie ;  traduit  par  le ' 
g^n^ral  Pommereml ;  Paris,  1801,  II,  p.  170,  note. 

'  The  detailed  treatise  is  contained  in  note  xxi  to  Playfair*s  edition  of  J.  Hutton*8 
Theory  of  the  Earth,  Edinb.,  1802. 

'  L.  V.  Bach,  Gesammelte  Schriften,  herausgeb.  ▼.  Ewald,  Roth  u.  Eck,  II,  p.  504. 
The  '  Reise  nach  Norwegen  und  Lappland'  appeared  in  1800. 
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nations,  as  by  an  intellectual  epidemic  The  newspapers  took  particular 
pleasure  in  discussing  the  theory  of  Celsius  which,  condemned  years 
before  as  pessimistic,  because  it  prophesied  the  destruction  of  all  life,  now 
suddenly  reappeared  to  comfort  tormented  humanity,  by  the  prospect 
of  many  thousands  of  years  of  existence.  The  dreaded  date  passed  by; 
a  little  polemic  followed,  and  then  the  whole  incident  dropped  into 
oblivion  *. 

The  theory  of  elevation,  however,  had  as  yet  by  no  means  attained 
supremacy.  Mcmy  of  the  most  distinguished  geologists  of  the  time 
regarded  it  with  disfavour.  Cuvier  cmd  Brogniiui),  who  had  proved  the 
repeated  alternation  of  marine  and  fresh-water  deposits  in  the  neighbour^ 
hood  of  Paris,  nowhere  speak  in  their  works  of  elevation  or  subsidence 
of  the  land.  The  Cretaceous,  so  they  say  in  substance,  is  deposited  by 
a  first  sea ;  this  withdraws  {jse  retire),  fresh-water  deposits  succeed,  •  .  . 
another  sea,  populated  by  other  MoUusca,  returns  (revient)  to  retire  once 
more  (ae  retire),  &c.^  The  same  expressions  were  employed  by  Omalius 
d'Halloy  in  1818  ^  cmd  later  in  1827,  when  ConstaTU  Provost  undertook  to 
dispute  before  the  French  Academy  the  results  of  these  stratigraphical 
investigations ;  authoritative  at  that  time,  he  too  did  not  base  his  position 
on  the  theory  of  elevation.  On  the  contrary,  he  doubted  whether  the 
presence  of  intercalated  fresh- water  formations  could  be  regarded  as  an 
indication  of  the  complete  withdrawal  of  the  sea,  and  attempted  to  explain 
the  whole  stratified  succession  arpund  Paris  simply  by  a  repeated  subsidence 
of  the  waters,  thus  returning  to  the  fundamental  idea  of  Celsius,  now  based 
on  other  arguments  and  clothed  in  a  new  form  ^ 

Even  in  1822,  K.  von  Hoff  himself,  the  conscientious  critic  who  had 
devoted  himself  particularly  to  the  investigation  of  such  questions  in 
Germany,  was  unable  to  adopt  the  theory  of  von  Buch :  he  also  believed 
that  the  sinking  of  the  sea  must  necessarily  be  a  universal  and  uniform 

^  Seel,  Vom  Weltuntexgange,  mit  Beziehung  auf  die  verkflndete  Wasseiabnahme  der 
Erde,  8vo,  Frankfurt,  1817 ;  W  ...  n  in  the  Mainzer  Zeitung  of  the  15th  February,  1817, 
&c.  Even  at  the  beginning  of  this  century  discussions  took  place  on  the  cause  of  the 
universal  diminution  of  the  waters,  which  was  considered  to  be  fully  established  as 
the  cause  of  these  phenomena ;  so  for  example,  Foiret,  Conjectures  sur  les  causes  de  la 
diminution  des  eaux  de  la  mer,  Joum.  de  Fhys.,  LX,  an  xm,  pp.  226-287 ;  Patrin, 
Remarques  sur  la  diminution  de  la  mer  et  sur  les  iles  de  la  mer  du  Sud,  op.  cit.,  pp.  306- 
323 ;  Foiret,  op.  cit.,  in  the  next  volume,  pp.  17-22. 

'  Cuvier  et  Brogniart,  Description  g^ologique  des  environs  de  Fans.  The  geological 
part  was  first  published  by  Brogpuart,  1808,  in  the  Annales  du  Mus^,  and  then 
independently  in  1811,  later  with  Cuvier's  '  Ossements  fossiles.' 

'  Omalius  d*Halloy,  Note  sur  le  gisement  du  calcaire  d*eau  douce  dans  les  d^parte- 
ments  du  Cher,  de  I'Allier  et  de  la  Ni^vre ;  Joum.  de  Fhys.,  1818,  LXXVII,  p.  104 
et  passim. 

.  *  Constant  Provost,  Les  continens  actuels  ont-ils  ^t^,  ^  plusieurs  reprises,  submerges 
par  la  mer?  Compt.  rend.,  IV,  1827,  pp.  249-346. 
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phenomenon;  von  Buch's  'bold  idea'  he  regarded  as  'a  truly  desperate 
means  of  explanation^/ 

This  judgement  won  the  full  approbation  of  Goethe,  who  in  this  con- 
nexion dedicated  to  von  Hoff  a  remarkable  essay  on  the  temple  of  Serapis. 
'  For  what,  after  all/  wrote  Goethe, '  is  all  this  shoving  up  of  the  mountains 
but  a  mechanism  which  gives  no  aid  to  the  understanding  and  no  play  to 
the  imagination  1     Mere  words,  without  any  corresponding  ideas  *.' 

'The  earth  cannot  raise  itself/  says  Dante,  'that  is  contrary  to  its 
nature':  there  is  a  singular  parallelism  between  these  words  and  those 
of  Wolfgang  von  Goethe  written  500  years  later.  No  one,  in  the  history 
of  the  human  intellect,  stands  above  these  two  men ;  indeed,  few  stand 
beside  them.  Their  keen  eyes  perceived  the  difficulties,  but  even  they  were 
not  able  to  find  any  satisfactory  solution.  The  pressing  need  for  explana- 
tion brought  about  a  return  to  the  theory  of  elevation.  In  the  year  1884, 
von  Hoff  also  conformed  to  the  new  theory  of  the  gradual  elevation  of 
continents,  yielding  to  the  force  of  fresh  data,  and  won  over  by  the  theory 
of  the  elevation  of  volcanos  and  other  mountains,  which  had  meanwhile 
been  further  developed  by  Humboldt,  von  Buch,  and  their  contemporaries. 

The  theory  of  elevation  soon  received  the  most  important  support  from 
the  investigations  of  Charles  Lyell  and  Charles  Darwin. 

Charles  Lyell  travelled  in  the  summer  of  1834  to  Sweden,  satisfied 
himself  of  the  truth  of  the  alleged  facts,  and  pointed  out,  even  in  his  first 
accounts,  that  the  evidence  of  a  rising  of  the  land  is  much  clearer  in  the 
north  than  in  the  south  \  At  a  later  period,  he  inclined  to  the  view,  based 
chiefly  on  Nilsson's  observations,  that  the  elevation  was  greatest  in  the 
north  of  Scandinavia,  decreased  towards  the  south,  and  disappeared  near 
Sodertelje,  a  few  miles  to  the  south-west  of  Stockholm,  but  from  this  point 
subsidence  set  in  and  continued  to  the  southern  end  of  the  peninsula,  so 
that  a  tilting  movement  is  thus  in  progress,  and  the  limb  south  of  the 
axis  is  much  shorter  than  that  to  the  north  of  it^. 

During  the  years  1882  to  1886,  Charles  Darwin  accomplished  his 
memorable  voyage  to  the  Pacific  Ocean  and  to  South  America.  The 
discovery  of  the  structure  of  coral  reefs  led  him  at  first  to  suppose  that  an 
extremely  extensive  subsidence  was  taking  place  in  tropical  regions  over 
the  greater  part  of  the  floor  of  the  Pacific  Ocean.    Darwin  attempted  even 

^  E.  E.  A.  von  Hoff,  (^eschichte  der  dorch  Ueberlieferung  nachgewieBenen  natflrlichen 
Ver&nderangen  der  Erdoberfl&che,  I,  1821,  p.  447 ;  II,  1834,  p.  816  et  seq. 

*  Wolfgang  ▼.  Goethe,  Geolog^sche  Probleme  and  Versuch  ihrer  AuflOsung.  The 
essay  on  the  temple  of  Serapis  bears  the  title  'Architektonisch-naturhistoriscbes 
Problem.* 

'  C.  Lyell,  On  the  Proofs  of  a  gradual  Rising  of  the  Land  in  certain  Parts  of  Sweden. 
The  Bakerian  Lecture,  read  Nov.  27,  1884,  Phil.  Trans.,  1835. 

^  e.g.  in  Principles  of  Geology,  11th  ed.,  1872,  II,  p.  190. 
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to  represent  on  a  map  the  distribution  of  areas  of  elevation  and  subsidence 
within  these  regions  over  the  whole  world  ^. 

A  visit  to  the  coast  of  South  America,  however,  led  to  the  discovery 
of  a  rising  movement  affecting  the  whole  southern  part  of  the  continent 
down  to  about  lat.  30*  S.,  and  this,  judging  from  the  successive  terraces 
left  by  the  sea,  must  in  Darwin's  opinion  proceed  intermittently^. 

The  wide  distribution  of  this  phenomenon  in  space  and  its  intermittent 
character  were  the  two  facts  which  began  to  suggest  fresh  doubts.  The 
principal  argument  in  support  of  the  theory  of  elevation  was  indeed  the 
local  variability  in  the  change  of  level  experienced  by  the  strand,  and  now 
the  range  of  the  proofs  began  to  exceed  the  limits  of  the  premises. 

Bravaia  had  asserted  that  two  strand-lines  in  the  Alten  fjord,  near 
Hammerfest^  were  not  horizontal,  and  that  the  slope  of  the  higher  terrace 
was  greater  than  that  of  the  lower;  but  this  evidence  could  no  longer 
be  regarded  as  conclusive.  £lie  de  Beaumont,  in  a  detailed  report,  certainly 
thought  he  had  succeeded  in  showing  that  Bravais'  observations  indicated 
some  connexion  between  the  rise  of  the  Scandinavian  chain  and  the  emer- 
gence of  the  littoral  terraces ;  but  the  same  report  gives  evidence  of  the 
distribution  of  similar  terraces  over  the  whole  of  northern  Europe,  and 
thus  simultaneously  supplies  the  refutation  of  this  hypothesis.  Further, 
it  has  since  been  shown  that  Bravais'  observations  were  incorrect.  The 
terraces  near  Hammerfest  are  just  as  closely  parallel  to  the  existing  sea- 
level' as  everywhere  else  in  Norway,  and  Bravais  seems  to  have  brought 
into  the  same  Une  of  measurement  fragments  of  strand-lines  and  terraces 
which  were  really  distinct  ^. 

The  ^Commission  scientifique  du  Nord,'of  which  Bravais  was  a  member, 
also  included  the  geologists  Durocher  and  Engine  Robert.  The  report  of 
Bravais,  so  completely  in  accord  with  the  views  prevalent  at  the  time — 
erroneous,  none  the  less,  as  was  subsequently  shown — found  recognition 
on  all  sides;  while  the  complete  and  invaluable  collation  of  the  facts 
furnished  by  Eugene  Robert  received  scant  attention.    This  work  was  laid 

>  C.  Darwin,  The  Stracture  and  Distribution  of  Coral  Reefs,  Ist  ed.,  8vo,  1842.  . 

*  Id.,  Geological  Observations  on  South  America,  8vo,  1846,  p.  26,  at  passim. 

'  Rapport  sur  un  m^moire  de  M.  A.  Bravais  relatif  auz  lignes  d*ancien  niveau  de  la 
mer  dans  le  Finmark  (M.  £lie  de  Beaumont  rapporteur);  Compt.  rend.,  1842,  XV, 
pp.  817-849.  In  opposition  to  these  views  it  will  suffice  to  quote,  among  recent 
publications,  T.  Kjerulf,  Einige  Chronometer  der  Geologie,  aus  dem  Norwegischen 
dbersetzt  von  R.  Lehmann,  Samml.  gemeinverst&ndl.  Vortrftge  v.  Yirchow  und  Holtzen- 
dorff;  XV.  Serie,  Heft  352,  858,  1880,  p.  14,  and  in  particular  K.  Pettersen,  Terrasser  og 
gamle  Strandlinjer,  3.  bidrag,  TromsO  Museum^s  Aarshefter,  III,  1880,  pp.  80-36 ;  the 
same,  translated  bj  Lehmann  in  Zeitschr.  f.  d.  ges.  Naturwiss.,  LIII,  1880,  pp.  815-822. 
This  treatise  was  probably  not  yet  known  to  v.  Dechen  when  he  spoke  on  this  subject 
before  the  Niederrheinische  Gesellschafb  fCir  Natur-  und  Heilkunde  at  Bonn  on 
November  8,  1880. 
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before  the  Acad^mie  des  Sciences  in  1844^.  It  shows  for  the  first  tune  the 
extension  of  the  phenomenon  over  the  whole  northern  region,  and  although 
the  author  has  nowhere  ventured  to  draw  the  final  conclusions  £rom  his 
observations,  yet  he  evidently  perceived  the  insufficiency  of  the  prevailing 
theory. 

Eugene  Robert  concludes  his  report  with  the  following  summary : — 

1.  The  vestiges  of  ancient  strand-lines  do  not  appear  to  be  uniformly 
distributed  over  the  globe;  in  the  southern  hemisphere  they  seem  to  be 
comparatively  rare. 

2.  They  appear  to  become  more  frequent  as  we  approach  the  poles; 
but  this  may  simply  mean  that  they  are  better  preserved  in'  these  regions, 
where  a  scanty  population,  lacking  our  great  industrial  resources,  has 
effected  scarcely  any  change  in  the  land  it  occupies. 

8.  They  also  become  more  sharply  marked  the  more  remote  they  are 
from  the  equator ;  but  here  again,  as  Robert  suggests,  an  eiqplanation  may 
be  found  in  the  fact  that  the  atmosphere  and  vegetation  exert  a  leas 
destructive  action  on  the  rocks  in  the  arctic  regions. 

4.  The  ancient  sea-margins  for  which  the  evidence  is  most  condusive 
attain  the  greatest  height  (162  to  195  meters)  towards  the  north  K 

This  work  of  Eugene  Robert,  which  might  have  had  a  most  stimulating 
influence,  has  been  almost  completely  overlooked  Nevertheless,  the  wide 
distribution  of  the  terraces  became  increasingly  apparent,  and  it  was 
precisely  those  who  dedicated  themselves  to  the  special  investigation  of 
this  class  of  facts,  who  were  least  able  to  repress  their  doubts  regarding 
the  ancient  theory  of  elevation. 

In  1848,  Robert  Chambers  published  a  very  instructive  work  on  ancient 
sea-margins,  containing  a  comparative  study  of  the  terraces  of  North 
America,  Great  Britain,  France,  and  Norway.  The  author  lays  stress  on 
the  fact  that  no  case  of  elevation  observed  during  the  existing  period  bias 
affected  an  area  at  all  approaching  in  extent  that  indicated  by  these 
ancient  terraces  \    He  remarks : — 

'  The  recession,  accession,  and  second  recession  of  waters  indicated  here, 
do  not  necessarily  imply  risings  and  falHngs  of  our  island,  but  may  be 

'  E.  Robert,  Recueil  d'observations  on  recherches  g^logiques,  tendant  k  prouver, 
(dnon  que  la  mer  a  baiss^  et  baisse  encore  de  noaveau  sor  tout  le  globe,  notamment  dans 
I'H^misph^re  Nord,  du  moins  que  le  ph^nom^ne  de  sool^vement,  depuis  T^poque  oil  il 
a  donn^  naissance  auz  grandes  chatnes  de  montagnes,  n*a  plus  gu^re  continue  k  ae 
manifester  que  d*ane  mani^re  lente  et  graduelle ;  Compt.  rend.  80  Juillet  1844,  XIX, 
pp.  265-267. 

*  Voyage  de  la  Commission  scientifique  du  Nord  en  Scandinane,  en  Laponie,  an 
Spitzberg  et  auz  Fer5e  pendant  les  ann^es  1838,  1839  et  1840  sur  la  corvette.  '  La 
Recherche/  public  sons  la  direction  de  Paul  Gkdmard ;  E.  Robert,  G^ologie,  vol.  X, 
pp.  194-195. 

3  R.  Chambers,  Ancient  SeaMargins,  as  Memorials  of  Changes  in  the  relative  Level  of 
Land  and  Sea,  8vo,  1848,  p.  320. 
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accounted  for  if  we  suppose  some  distant  ocean  bed  sinking,  then  risiilg, 
then  sinking  again.  Perhaps  it  may  be  some  such  latent  change  which  hha 
produced  those  immersions  of  forests  and  those  wearings  of  coasts,  with 
which  English  geologists  are  familiar.  I  feel,  at  least,  a  particular  di£5culty 
in  admitting  partial  subsidences  of  land  in  the  British  Islands,  when  I  see 
such  uniform  terraces  around  their  coasts,  as,  .in  that  case,  deflexions  from 
the  true  lines  ought  to  have  been  conspicuous,  which  I  am  sure  they 
are  not.' 

Rejecting  for  these  reasons  a  local  eiqplAnation,  Chambers  suggests  that 
the  extensive  subsidence  in  the  region  of  coral  islands,  that  is,  in  the  torrid 
zone,  must  cause  the  ocean  waters  to  flow  away  from  the  poles.  This  is, 
so  far  as  I  know,  the  first  attempt  to  bring  into  causal  connexion  the  for- 
mation of  atolls  in  the  tropics  and  that  of  tertaces  in  the  higher  latitudes. 

In  the  same  year,  1848,  a  description  of  the  terraces  of  the  coast  of 
Chili,  by  Domeyko,  appeared.  The  author  made  a  direct  comparison 
between  these  and  the  terraces  of  Norway.  Although,  according  to 
Bravais,  the  terraces  of  the  Alten  fjord  are  far  from  horizontal,  and 
although  the  lines  marking  the  recent  sojourn  of  the  sea  occur  at  very 
different  heights,  and  at  places  so  remote  as  Coquimbo  on  the  one  hand 
and  the  Alten  fjord  on  the  other,  yet  in  both  these  regions  the  number  of 
lines  is  very  limited.  We  are  led,  therefore,  to  suppose  that  these  phenomena 
are  in  no  way  dependent  on  local  causes,  but  are  connected  with  circum- 
stances which  influence  the  great  revolutions  of  the  globe,  and  aflect  both 
hemispheres  simultaneously^. 

The  following  year,  1849,  Dana,  having  completed  his  great  voyage  in 
the  northern  part  of  the  Pacific,  expressed  his  belief  that  the  rise'is  greatest 
towards  the  north  pole :  the  opposite  movement  towards  the  equator  ^. 

While  the  theory  of  elevation  thus  gained  no  support  from  a  wider 
knowledge  of  the  characters  of  these  phenomena,  a  new  school  of  thought 
arose,  which  inquired  seriously  into  the  question  of  the  invariability  of  the 
conditions  which  determine  the  equiUbrium  of  the  Ocean.  Very  difierent 
causes  have  been  suggested  from  time  to  time  as  capable  of  producing 
a  universal  alteration  in  the  form  of  the  oceanic  surface :  in  all  of  them 
the  force,  of  gravity  plays  a  leading  part.  I  will  therefore  include  all 
views  of  this  kind — using  an  eiqpression  of  James  CroU's  in  a  slightly 
extended  sense — under  the  common  name  of  gravitation  theories. 

The  controversy  between  Dante  and  his  opponents  turned  on  a  question 
of  gravitation.  To  the  gravitation  theories  belong  also  the  views  of 
Swedenborg.  At  a  later  time,  when  Halley's  theory  was  in  favour^ 
Z.  Bernard  supposed  that  the  'terrella,'  which  Halley  conceived  to  be 

1  Domeyko,  M^moire  ear  le  terrain  teitiaire  et  las  lignes  d*aiicien  niveau  de  TOc^an 
du  Sad,  aux  environs  de  Coquimbo  (Chili) ;  Ann.  des  Mines,  1848, 4"  s^r.,  XIY,  pp.  153-162. 
*  J.  S.  Dana  in  Wilkes,  U.S.  Explor.  Ezped.  1849,  X,  pp.  670,  677. 
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moving  independently  within  the  hollow  body  of  the  earth,  thus  causing 
the  displacement  of  the  magnetic  poles,  was  also  responsible  for  changes 
in  the  form  of  the  oceanic  surface  K  In  1804,  Wrede,  starting  from  the 
assumption  that  the  centre  of  gravity  of  the  globe  is  not  necessarily 
coincident  with  its  centre  of  figure,  proceeds  to  show  that  the  position  of 
the  former  may  be  altered  by  the  transport  of  sediments  and  various  other 
causes.    But  this  will  bring  about  a  change  in  the  surface  of  the  Ocean  '. 

These  various  views  may  all  be  included  in  the  group  of  gravitation 
theories,  as  well  as  those  embodied  in  the  important  works  of  Adh^mar. 

Bertrand  and  Wrede  sought  the  cause  of  the  alteration  within  oar 
planet  or  upon  its  surface,  Adh^ar  on  the  other  hand  outside  it,  in  its 
relations  to  other  members  of  the  solar  system ;  his  theory  is  thus  based 
on  considerations  similar  to  those  involved  in  the  explanation  of  the  tides. 

The  work  which  laid  the  foundation  of  this  theory  appeared  in 
1842 ^    Its  main  outlines  are  essentially  as  follows: — 

The  inherent  heat  of  the  planet  is  scarcely  appreciable  at  the  snrfaoe, 
and  may  be  regarded  as  constant.  The  warmth  of  which  we  are  senaiUe 
is  almost  exclusively  derived  from  the  sun.  Any  given  place  receives  this 
heat  during  the  day  only,  losing  it  again  by  radiation  at  night,  so  that 
with  an  equal  duration  of  day  and  night  the  amount  of  heat  received 
during  the  day  and  that  lost  during  the  night  balance  each  other.  The 
length  of  the  day  is  thus  one  of  the  most  important  elements  in  the 
temperature  of  a  place.  At  the  south  pole  the  hours  of  the  night  exceed 
those  of  the  day  by  168  in  the  year;  it  thus  receives  less  sunshine,  is 
consequently  colder,  and  presents  conditions  far  more  favourable  to  the 
accumulation  of  ice  than  the  regions  around  the  north  pole,  where  the  hours 
of  the  day  are  more  numerous  by  168  than  those  of  the  night.  This  state 
of  things  is  dependent  on  the  position  of  the  earth  with  regard  to  the  sun, 
and  on  its  movement.  Owing  to  the  precession  of  the  equinoxes,  the 
equal  duration  of  day  and  night  in  all  latitudes  would  recur  at  the  same 
point  on  the  earth's  orbit  at  intervals  of  25,900  years,  but  since  the 
simultaneous  displacement  of  the  perihelion  must  be  taken  into  account^ 
this  period  is  reduced  to  about  21^000  years.  While,  in  our  hemisphere,  the 
sum  of  spring  and  summer  is  now  some  days  longer  than  the  sum  of  autumn 
and  winter,  at  the  end  of  half  this  period,  that  is  in  10,500  years,  these 
relatioi^  wiU  be  reversed.  In  the  year  1248  of  our  era,  the  equal  duration 
of  day  and   night  coincided  with  the  perihelion;  since  that  time  the 

*  L.  Bertrand,  Benouvellements  p^odiques  des  continens  terrestres,  8yo,  an  YIII, 
pp.  274-800. 

'  £•  F.  Wrede,  GleognoBtische  Untenuchungen  dber  die  sddbaltiBchen  Lander, 
beaonders  fiber  das  untere  Odergebiet,  nebst  einer  Betracbtung  dber  die  aUm&hlige 
Verftudemng  des  Wasserstandes  aof  der  nOrdlichen  Halbkugel  der  Erde  und  deren 
phygiBchen  Ursachen ;  8vo,  Berlin,  1804. 

'  J.  Adh^mar,  lUvolntionB  de  la  mer,  Svo,  Pftris,  1842. 
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northern  hemisphere  has  been  gradually  growing  colder,  the  southern 
warmer.  Up  to  the  year  1248  this  circumstance  caused  the  continuous 
enlargement  of  the  ice-cap  which  surrounds  the  south  pole;  by  the  for- 
mation of  this  cap  the  centre  of  gravity  of  the  planet  was  displaced,  and 
the  oceans  were  drawn  towards  the  south.  This  explains  the  greater 
expanse  of  ocean  in  the  south,  and  the  predominance  of  land  towards 
the  north.  After  10,500  years,  that  is  in  about  the  year  11,748  of  our 
era,  the  same  state  of  maximum  refrigeration  and  maximum  submergence 
will  be  reached  by  the  north  pole. 

Thus  the  planetary  movement  would  determine  a  periodic  transferervc'e 
of  the  ice-cap  from  OTie  pole  to  the  other ^  and  an  accompanying  submergence 
of  the  corresponding  hemisphere. 

It  mtlst,  however,  be  observed  that  this  conclusion  is  refuted  by 
historic  testimony.  For  if  the  northern  hemisphere  has  actually  .been  in 
process  of  cooling  since  the  year  1248,  and  its  ice-cap  therefore  in- 
creasing, then,  since  about  one-seventeenth  of  the  period  preceding  the 
maximum  accumulation  of  the  seas  in  the  northern  hemisphere  has  now 
already  elapsed,  some  rising  of  the  waters  should  be  observed  on  all  the 
northern  shores,  and  this  is  not  the  case.  Adh^mar  certainly  felt  this 
contradiction,  and  made  an  attempt  to  meet  it.  He  supposed  that  the 
Antarctic  ice  needed  a  very  long  period  to  disappear,  and  even  suggested 
that  a  sudden  adjustment  might  be  possible  as  soon  as  the  centre  of  gravity 
crossed  the  plane  of  the  equator.  The  phenomena  in  the  Baltic  might 
perhaps  be  ascribed  to  local  conditions. 

In  spite  of  this  and  of  many  other  weak  points,  Adh^mar's  work  was 
most  stimulating  in  its  influence  as  a  serious  attempt  to  explain,  by  a  single 
and  consistent  theory,  three  great  phenomena,  namely,  the  predominance 
of  water  in  the  southern  hemisphere,  the  periodic  return  of  glacial  epochs, 
and  the  universality  and  constancy  of  oscillations  of  strand-Une.  Groll  in 
England,  Schmick  in  Germany,  and  many  others,  have  amended  and 
developed  Adh^mar's  views,  all  retaining  the  main  idea  of  an  accumulation 
of  the  sea,  which  is  periodically  transferred  from  one  pole  to  the  other. 
On  the  other  hand,  distinguished  climatologists,  and  in  particular  A.  Woeikof, 
have  definitely  asserted  that  the  facts  on  which  Adh^ar  and  his  successors 
have  based  their  theory,  are  incompetent  to  produce  such  extreme  changes 
of  climate  as  they  have  been  supposed  ^ 

*  J.  Croll,  Climate  and  Time  in  their  geological  relations,  a  Theory  of  the  secalar 
changes  of  the  Earth's  climate,  8vo,  London,  1875.  This  principal  work  had  been 
preceded  by  a  number  of  smaller  treatises  which  appeared,  since  1864,  chiefly  in  the 
Phil.  Mag. ;  of  those  which  followed  I  will  only  mention :  Physical  Causes  of  the 
Submergence  and  Emei^gence  of  Continents,  Oeol.  Mag.,  1874,  p.  809 ;  Schmick,  Pie 
Umsetzung  der  Meere  und  die  Eiszeiten  der  Halbkugeln  der  Erde,  ihre  Ursachen  und 
Perioden,  8vp,  Koln,  1869 ;  by  the  same,  Das  Fluthph&nomen  und  sein  Zusammenhang 
mit  den  s&culftren  Schwankungen  des  Seespiegels,  8yo,  Leipzig,  1874  ;  by  the  same,  Die 
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All  explanations  belonging  to  the  group  of  gravitation  theorieB  pre- 
suppose that  the  sum  of  observations  as  to  the  oscillations  in  various  parts 
of  the  world  may,  after  the  elimination  of  erroneous  or  doubtful  eases, 
be  expressed  by  some  simple  formula;  in  other  words,  that  there  exist 
great  and  continuous  regions  of  changing  level,  the  distribution  of  which 
is  related  to  the  rotation  axis  of  the  globe  according  to  some  easily 
recognizable  law.  If,  on  the  other  hand,  it  can  be  shown  that  the  distri- 
bution of  these  oscillations  is  sporadic,  not  following  any  recognizable  law, 
then  their  origin  cannot  be  sought  in  alterations  of  the  form  of  the  8ea> 
the  whole  group  of  gravitation  theories  must  be  abandoned,  and  we  must 
return,  in  spite  of  all  objections,  to  the  theory  of  movements  of  the  solid  crust 

There  is  no  lack  of  attempts  to  determine  the  geographical  distribution 
of  the  so-called  'secular  oscillations/  We  may  refer  to  the  works  of 
BAiluz^,  Peschel^y  Hahn^,  Issd^,  and  others;  as  well  as  to  the  little 
sketch-map  by  0.  R.  CredTier  *. 

These  attempts  have  not  led  to  results  sufficiently  uniform  to  come 
under  the  form  of  a  law.  All  the  authors  just  mentioned  indicate  eleva- 
tions and  subsidences  in  the  most  diverse  geographical  latitudes,  often, 
indeed,  opposite  movements  in  the  most  closely  adjacent  region& 

The  case  is  otherwise  with  the  investigation  made  by  H.  H.  Havxyrth. 
In  a  number  of  tracts  which  have  appeared  since  the  year  1871,  he  has 
attempted  to  show,  always  from  the  standpoint  of  the  elevation  theory, 
that  the  land  round  the  poles  is  rising,  and  he  finally  reaches  the  conclusion 
that  an  actual  deformation  of  the  planet  is  in  progress,  contraction  taking 
place  about  the  equatorial  region,  and  proceeding  thence  in  an  increasing 
convexity,  which  probably  attains  its  maximum  over  the  magnetic  poles  \ 

Aralo-Kaspi-Niederung  und  ihre  Befunde  im  Lichte  der  Lehre  von  den  a&culftien 
Schwankungen  des  Seespiegels  and  der  W&rmezonen,  8vo,  Leipzig,  1874.  On  the  other 
side,  in  particular  Pilar,  £in  Beitrag  znr  Frage  dber  die  Ursachen  der  Eisseiten,  8vo, 
Agram,  1876.  Ab  treatises  all  tending  more  or  less  in  the  direction  of  this  branch  of  the 
gravitation  theory  I  may  also  mention :  Le  Hon,  Periodicity  des  deluges,  8yo,  Bmxelles, 
1858;  Garret,  Le  deplacement  polaire,  preuves  de  la  variation  de  Taze  terrestre,  Svo, 
Paris,  1876 ;  P^roche,  Les  ph^nom^nes  glaciaires  et  torrides,  causes  aoxqaelles  doivent 
Stre  attribues  la  precession  des  Equinoxes  et  les  oscillations  polaires,  8vo,  Paris,  1877. 
On  the  other  hand,  A.  Woeikof,  Mitth.  geogr.  Ges.  Wien,  1862,  pp.  856-869,  and  Am. 
Joum.  Science,  1886,  XXXI,  pp.  161-178. 

^  R^cluz,  La  Terre,  ^^  ed.,  1874,  I,  pp.  709-767 ;  general  map,  pi.  xxiv ;  also  Revue  des 
Deux  Mondes,  1^**  janv.  1865. 

'  0.  Peschel,  Neue  Probleme  der  vergleichenden  Erdkunde,  2.  Aufl.,  1876,  pp.  97-114. 

'  F.  G.  Hahn,  Untersuchungen  tlber  das  Aufsteigen  und  Sinken  der  Kiisten,  Svo, 
Leipzig,  1879. 

*  A.  Issel,  Le  oscillazioni  lente  del  suolo  o  bradisismi,  gr.  8vo,  Geneva,  1888. 

^  G.  R.  Credner,  Die  Deltas,  ihre  Morphologie,  geographische  Yerbreitnng  and 
Entstehungsbedingungen ;  Peterm.  Geogr.  Mittheil.,  Ergftnzungsbd.  XII,  1878,  pi.  iiL 

*  Howorth*s  first  statement  that  all  the  land  round  the  north  pole  is  rising,  and  ihn 
nfofvr  it  lies  to  the  poU  the  greater  the  extent  of  the  eJeration,  I  find  in  Nature,  Dec.  20, 
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Strange  to  say,  Howorth  does  not  seem  to  have  observed  that  his 
results,  if  they  should  prove  true,  would  at  once  menace  the  very  founda- 
tion of  the  elevation  l^eory,  and  would  raise  the  question  whether  this 
uniform  result  is  not  to  be  ascribed  to  an  alteration  in  the  form  of  the 
surface  of  the  sea.  It  must  be  admitted,  besides,  that  Howorth's  actual 
data  are  somewhat  defective,  and  that  many  contradictory  observations 
remain  unexplained;  on  the  other  hand,  we  must  not  omit  to  mention 
that  Thomas  Belt,  following  another  method  based  on  a  study  of  the 
existing  distribution  of  species,  has  arrived  quite  independently  at  a  result 
which,  in  substance,  exactly  corresponds  with  that  obtained  by  Howorth  ^, 
though  it  receives  a  very  different  explanation. 

Belt  maintains  that  a  rising  of  the  waters  about  the  equator  has  been 
taking  place  since  the  glacial  period.  The  difference  between  the  marine 
MoUusca  on  the  two  sides  of  the  isthmus  of  Panama;  the  resemblance 
between  the  terrestrial  Mollusca  of  the  northern  islands  and  the  West  Indies 
as  far  as  Puerto  Rico  and  those  of  Central  America  and  Mexico,  and  the 
correspondence  of  the  land  shells  of  the  southern  islands  partly  with  those 
of  Venezuela  and  partly  with  those  of  Guiana;  the  well-known  facts  of 
geographical  distribution  presented  by  the  Malay  archipelago,  and  the 
gigantic  statues  of  Easter  island,  are  for  Belt  so  many  proofs  of  this 
continuous  rising.  The  author  believes  the  explanation  to  lie  in  the 
periodic  and  simultaneous  formation  of  ice-caps  at  both  poles,  as  the  result 
of  changes  in  the  obliquity  of  the  ecliptic. 

The  contraction  of  the  globe  about  the  equator  imagined  by  Howorth, 
and  the  rising  of  the  oceans  about  the  equator  supposed  by  Belt,  are, 
however,  only  two  different  explanations  of  one  and  the  same  conception 
of  the  facts. 

This  conception,  however,  is  the  same  as  that  which  long  ago  was 
held^-though  on  different  grounds — by  Swedenborg  and  Frisi,  and  more 
recently  by  Robert  Chambers.  It  presupposes  on  each  side  of  the  equator 
a  nearly  symmetrical  and  homologous  arrangement  of  the  regions  of  eleva- 
tion and  depression,  while  from  the  premises  of  Adh^mar  and  his  successors, 
the  oscillations  on  the  opposite  sides  of  the  equator  must  be  opposed, 
i.e.  complementary, 

1871,  pp.  162  and  163;  much  more  detailed  evidence  is  given  for  the  statement  in 
a  work  by  the  same  author,  Recent  Elevations  of  the  Earth  *s  Surface  in  the  Northern 
Circumpolar  Regions,  Joum.  Geogr.  Soc.,  1873,  vol.  43,  pp.  240-263.  The  data  for  the 
South  Polar  regions  are  contained  in  Nature,  March  28,  1872,  pp.  420-422,  and  the 
conclusions  drawn  chiefly  in  Nature,  Jan.  15, 1874,  p.  201.  Murphy  maintains,  op.  cit. 
Jan.  18,  1872,  p.  225,  that  the  southern  regions  are  also  rising,  so  that  the  perimeter  of 
the  equator  is  diminishing ;  cf.  also  Hamilton,  op.  cit.,  Jan.  25, 1872,  p.  242,  and  Murphy, 
Feb.  8,  1872,  p.  285. 

\T.  Belt,  The  Naturalist  in  Nicaragua,  8vo,  1874,  pp.  263-274.    AUo:  The  Glacial 
Period  in  the  Southern  Hemisphere,  Quart.  Joum.  of  Science,  July,  1877. 
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Comtemporary  literature  shows  that  opinions  on  this  impoitaDt 
question  are  still  widely  divergent. 

Howorth  and  Belt,  as  we  have  just  seen,  were  led  by  different  paths 
to  the  same  view,  that  which  involves  a  symmetrical  displacement  of 
masses  of  water  on  each  side  of  the  equator. 

It  may  be  shown  that  the  opinion  of  many  observers  eminent  in  this 
branch  of  inquiry  inclines  towards  the  view  represented  by  this  last  gtoap 
of  theories.  I  may  mention,  in  particular,  JtUiua  van  H€Uist\  the  mort 
competent  authority  on  the  ancient  terraces  in  New  Zealand,  and  Warren 
Upham^,  who  has  described  the  recent  alluvial  land  in  New  Hamp- 
shire. In  1875,  N.  8.  Shaler  declared  the  theories  of  Adhdmar  and  Croll  to 
be  very  improbable,  since  all  observations  are  in  favour  of  the  simultaneous 
glaciation  of  both  hemispheres,  but  he  nevertheless  expressed  his  conviction 
that  it  is  the  sea  and  not  the  land  which  is  subject  to  movement  \ 

The  gravitation  theory  introduced  by  Adh^mar,  which  involves  the 
asymmetric  accumulation  of  the  seas,  has  nevertheless,  in  the  completed 
form  which  we  owe  to  Croll,  found  numerous  adherents  in  England :  it 
has  been  fully  accepted  by  Charles  Darwin,  Ja/mes  OeiUeie,  and  many 
others ;  it  is  true  that  in  most  cases  the  theory  has  been  applied  to  explam 
changes  of  climate  rather  than  movements  of  the  sea-leveL 

Charles  Lydl,  whose  long  career  produced  such  important  results  for 
our  science,  was  always  a  keen  opponent  of  the  theory  of  the  elevation  of 
volcanic  mountains,  the  theory,  that  is,  of  elevation  craters,  and  an  equally 
keen  and  influential  champion  of  the  theory  of  secular  oscillations  of  the 
continents.  On  the  formation  of  mountain  chains,  he  never  expressed 
himself  with  equal  decision.  In  the  later  editions  of  his  '  Principles,'  all 
the  older  theories  and  arguments  in  favour  of  continental  movements  are 
retained ;  but  notwithstanding  this,  CroU's  theory  finds  recognition  as  re- 
vealing a  hitherto  neglected  vera  causa  of  a  certain  oscillation  of  the 
sea-level  *. 

The  elevation  theory  rests,  even  at  the  present  day,  on  the  alleged 
unequal  movement  of  neighbouring  regions,  and  the  alleged  tilting  move- 
ment of  whole  countries  such  a&  Sweden  and  Greenland.    In  spite  of  the 

*  J.  V.  Haast,  Geology  of  the  Pronnces  of  Canterbury  and  Westland,  New  Zealand,  8vOt 
1879,  p.  381. 

'  Warren  Upham  in  Hitchcock,  Geology  of  New  Hampshire,  8vo,  1878,  III,  p.  829  et  aeq. 

'  N.  S.  Shaler,  Notes  on  some  of  the  Phenomena  of  Elevation  and  Subsidence  of  the 
Continents ;  Proc.  Boston  Soc.  Nat.  Hist.,  1875,  XVII,  pp.  288-292.  A  similar  recognition 
of  the  return  to  the  idea  of  the  variability  of  the  ocean  surface  is  also  to  be  found  in 
certain  hydrographic  treatises,  e.g.  in  Stahlberger,  Ueber  Seespiegelschwankungen, 
Mittheil.  geogr.  Ges.  Wien,  1874,  2.  Ser.,  VII,  pp.  58-66. 

^  Lyell,  Principles  of  Geology,  11th  ed.,  1872,  I,  p.  279.  The  introduction  to  this 
edition  is  the  best  illustration  of  LyelPs  position  with  regard  to  this  question.  Croll*8 
gravitation  theory  is  recognized,  but  its  influence  on  climate  is  not  admitted  to  be  so 
great  as  is  claimed  by  other  authors. 
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attacks  of  certain  physicists,  directed  chiefly  against  the  absence  of  a  closer 
definition  of  the  stupendous  force,  which  is  said  to  elevate  and  depress 
great  parts  of  the  earth's  surface,  the  elevation  theory  has  maintained  its 
position  as  the  accepted  doctrine  up  to  the  present  day,  especially  among 
geologists  who  devote  themselves  to  stratigraphy ;  from  this  doctrine  the 
eiqplanation  of  transgressions  and  gaps  in  the  series  of  formations  is 
derived,  just  as  it  was  sixty  or  seventy  years  ago  K 

Wrede's  hypothesis  that  the  position  of  the  centre  of  gravity  of  the 
solid  earth  is  cJtered  by  the  displacement  of  sediments,  was  revived  some 
time  ago  by  6.  Jdger  K 

H,  TrautKhcid  has  drawn  his  conclusions  from  a  comparison  of  the 
nature  and  distribution  of  the  ancient  sediments ;  in  numerous  treatises  he 
has  persistently  maintained,  in  opposition  to  the  prevailing  opinion,  that 
secular  upward  or  downward  movements  of  the  continents  do  not  take  place  ^. 

This  wide  divergence  of  opinions  on  a  question  of  vital  importance  in 
our  science,  has  led  me  to  submit  all  the  actual  observations  hitherto 
obtained  to  a  fresh  examination.  I  felt  the  further  incited  to  this  task, 
because,  relying  on  the  teaching  of  revered  masters,  I  myself  made  many 
years  ago  an  attempt  to  bring  the  new  views  on  the  formation  of  moun- 
tains into  harmony  with  the  received  doctrines ;  I  refer  to  my  treatise  en- 
titled '  Die  Entstehung  der  Alpen.'  I  there  maintained  that  the  movement 
of  Scandinavia  might  be  attributed  to  the  formation  of  a  fold  of  great 
amplitude  within  the  earth's  crust.  Still,  although  I  added  that  the  wide 
distribution  of  certain  marine  deposits,  especially  of  the  middle  Cretaceous, 
is  not  to  be  explained  in  this  way,  and,  at  the  same  time,  expressed  my 
belief  that  the  temporary  extension  of  the  seas  must  depend  on  causes  far 
more  general,  and  probably  subject  to  a  certain  degree  of  periodicity ;  yet, 
even  with  these  qualifications,  I  could  not  conceal  from  myself  that  such 
an  interpretation  was  unsatisfactory  \ 

The  folding  of  the  mountain  chains  and  the  formation  of  horizontal 
strand-lines  which  run  without  interruption  over  mountain  segments  of 

^  'Again,  successive  strata  of  different  kinds  are  accounted  for  by  the  subsidence  of 
land ;  it  sinks  beneath  the  sea  to  receive  its  load  of  sediment,  as  the  camel  drops  on  its 
knees  and  then  rises ;  but,  more  patient  and  accommodating  than  the  camel,  it  takes  as 
many  loads  as  the  geologist  is  pleased  to  impose  on  it  This  assumption  of  the 
unlimited  sinking  and  rising  of  land  is  plausible  and  convenient,  but  it  is  inexplicable 
and  unproved.*  Desborough  Cooley,  Physical  Geography,  8vo,  London,  1876,  p.  428. 
Siemens  expresses  similar  views  in  Monatsber.  Akad.  d.  Wiss.  Berlin,  1878,  p.  572. 

*  G.  J&ger,  Die  Polfltlchtigkeit  des  Landes,  Ausland,  1865,  p.  867,  and  1867,  p.  121. 

'  H.  Trautschold,  Ueber  s&cul&re  Hebungen  und  Senkungen,  1869 ;  Sur  Tinvariabilit^ 
du  niveau  des  mers,  1879 ;  Zur  Frage  fiber  das  Sinken  des  Meeresspiegels,  1880,  and 
many  later  articles  ;  all  in  the  Bull.  Soc.  Imp.  des  Natural,  de  Moscou. 

*  Die  Entstehung  der  Alpen,  1875,  pp.  119,  150 ;  Ueber  die  vermeintlichen  s&cul&ren 
Schwankungen  einzelner  Theile  der  Erdoberfl&che,  Yerhandl.  geol.  Reichsanst.,  1880. 
pp.  171-180. 
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the  most  diverse  description,  are  two  entirely  different  things,  and  the 
elevation  theory  therefore  ascribes  to  the  lithosphere  two  movementB  of 
a  completely  different  nature.  An  examination  of  the  actual  data  on  whidi 
this  theory  rests  has  proved,  however,  to  be  an  extremely  difficult  task. 

In  1834,  at  the  annual  meeting  of  the  Geological  Society  of  London, 
not  long  after  the  publication  of  the  last  volume  of  Lyell's '  Principles  of 
Geology,'  the  president  Oreenough  warned  the  members  against  too  ready 
an  adherence  to  the  theory  of  elevation  which  was  then  rapidly  gaining 
recognition.  The  statements  regarding  the  elevation  in  Chili  in  1882 
were,  he  said,  untrustworthy ;  the  term  '  elevation '  was  used  in  the  niosl 
various  senses,  and  of  the  uniform  elevation  of  a  whole  continent  it  was 
almost  impossible  to  form  a  conception;  above  all,  a  terrairiology  was 
needed  which  should  not  involve  any  preconceived  theory  ^ 

This  warning  appears  to  have  produced  no  result,  and  it  was  not 
until  1848  that  Robert  Chambers  introduced  a  new  phrase;  he  spoke 
neither  of  elevation  nor  of  subsidence,  but  only  of  'changes  of  relative 
level,'  or,  as  we  shall  say,  displacemenU  of  the  straTicmne. 

With  the  adoption  of  these  neutral  terms  it  at  once  follows  that  the 
displacements  of  the  strand-line  in  an  upward  direction  must  be  described 
as  positive,  those  in  a  downward  direction  as  TiegcLtive,  since  this  is  the 
terminology  universally  employed  by  all  oceanographers  and  in  all 
operations  of  water  gauging.  Here  we  have  no  choice,  and  all  in- 
vestigators who  have  sought  to  abandon  the  adventurous  sea  of  theories 
for  the  solid  ground  of  fact,  and  have  endeavoured  to  obtain  information 
by  direct  measurements  of  the  water-level  from  the  shore,  like  Forssman 
for  instance  in  his  valuable  investigation  on  the  level  of  the  Baltic,  have 
adopted  naturally  the  signs  +  and  —  in  recording  their  results.  In  this 
work  therefore  the  older  term  elevation  of  the  land  will  be  replaced  by 
negative  diaptacement  of  the  drand-line,  and  mlmdence  of  the  land  by 
positive  diepla/iement  of  the  drand-line. 

But  if,  equipped  with  this  neutral  terminology,  we  now  attempt  to 
proceed  to  a  serious  examination  of  the  position,  we  find  ourselves  con- 
fronted with  so  many  circumstances  which  may  exert  an  influence  on  the 
sea-level,  by  so  much  uncertainty  in  the  existing  data,  and  by  so  many 
sources  of  error,  that  finally  little  remains  as  the  result  of  many  years' 
labour,  but  a  conviction  that  many  doctrines  which  in  spite  of  the 
warnings  of  unprejudiced  authorities  have  become  accepted  dogmas  are 
erroneous,  and  a  hope  that  the  rising  generation  wiU  succeed  in  obtaining 
a  more  exact  knowledge  of  the  laws  which  govern  the  statics  of  the  seas. 
For  this  reason  the  following  chapters  in  so  far  as  they  treat  of  displace- 
ment of  the  strand  are  mainly  critical. 

^  6.  B.  Greenough,  Address  delivered  at  the  Anniversarj  Meeting,  Feb.  21, 1834 ;  Piroc 
Geol.  Soc,  1833-1838,  II,  pp.  54  et  seq. 
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There  are  three  methods  of  studying  changes  in  the  sea-IeveL 

The  first  consists  in  tracing  the  various  extension  of  the  ancient  seas. 
Although  the  strand-line  itself  can  seldom  be  recognized,  yet  in  the  great 
transgressions,  particularly  that  of  the  middle  Cretaceous,  we  perceive  the 
widely  distributed  signs  of  positive  movement.  Frequently,  doubtless 
even  as  a  rule,  these  transgressions  are  accompanied  by  erosion,  and  hence 
negative  movements  are  far  more  difficult  to  discover  by  this  method  than 
positive,  and  are  only  rarely  brought  to  light,  if  indeed  they  do  not 
frequently  escape  observation  altogether. 

The  second  method  is  found  in  a  comparative  study  of  the  nature  of 
the  sedimentary  formations.  Very  distinguished  investigators,  Charles 
Darwin  for  example,  have  believed  that  sediments  were  only  formed  with 
a  sinking  sea-bottom,  that  is  during  a  positive  movement.  This  is  by  no 
means  the  case,  but  it  is  evident  that  with  a  predominance  of  the  negative 
movement  the  approach  of  that  critical  moment  is  hastened  when  the 
upper  surface  of  the  sediment  and  the  surface  of  the  sea  coincide  at 
the  same  level.  For  the  present  it  is  sufficient  to  refer  to  what  has  been 
said  with  regard  to  the  superposed  and  apposed  series  on  the  isthmus  of 
Suez  (I,  pp.  878  et  seq.). 

The  third  method,  finally,  is  the  examination  of  the  existing  coast,  but  it 
is  precisely  in  this  study  of  the  evidence  furnished  by  marks  upon  the 
coast  that  we  meet  with  the  greatest  difficulties.  Positive  movements  as 
a  rule  conceal  their  own  traces,  and  it  is  only  exceptionally,  as  in  the  case 
of  coral  reefs,  for  instance,  that  they  are  definitely  recorded.  Negative 
movements  leave  visible  signs:  but  this  is  not  all.  Even  when  an 
oscillatory  movement  is  taking  place,  in  which  the  positive  character 
predominates,  it  may  often  happen  that  the  only  evidence  which  remains 
is  that  of  a  negative  movement.  An  example  will  make  this  clear.  Let 
ab,  be,  cdy  represent  equal  spaces  traversed  in  equal  times,  and  let  us 
suppose  that  we  have  a  preponderance  of  the  positive  movement,  such  that 
the  ratio  of  the  positive  displacement  to  the  negative  is  as  4 : 3.  We  shall 
then  have  the  following  scheme :: — 
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In  4  units  of  time  the  strand  will  traverse  4  positive  units  of  distance 

from  a  to  6,  it  will  leave  here  its  highest  mark,  and  then  sink  through 

8  negative  units  of  time  to  /i,  it  will  then  again  ascend  in  4  positive  units 

of  time  to  m,  and  so  on.    In  this  case,  however,  the  relict  strand-line  at  e 
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will  remain  visible  through  the  6  units  of  time  included  between  ef  and  Id^ 
of  which  8  are  n^ative  and  8  positive,  and  it  is  only  during  the  aingle 
unit  of  time  2m  that  it  will  be  concealed  Although  the  positive  movemeDt 
thus  predominates  in  the  ratio  of  4:8^  yet  the  chances  are  as  6: 1  that 
a  mark  will  be  seen  above  the  water-level  from  which  negative  movemeiii 
may  be  inferred.  Even  in  the  case  of  a  double  predominanoe  of  the 
positive  movement,  that  is  with  a  ratio  of  6:8,  there  is  still  a  twofold 
probability  that  a  negative  mark  will  be  seen  above  the  water-IeveL 

But  in  nature  the  movements  do  not  take  place  either  by  regular 
oscillations  or  with  regular  intermittence ;  and  a  whole  series  of  factois 
of  greater  or  less  importance  come  into  play  and  influence  the  positkn 
of  the  strand.  The  simple  example  given  above  is  intended  merely  to 
show  how  necessary  it  is  not  to  lose  sight  of  compensating  movement& 

In  studying  the  strand  we  must  further  distinguish  between  the 
movements  of  the  present  day  which  may  be  directly  recorded  by  tide 
gauges  and  those  which  can  only  be  inferred  from  ancient  remains  amcfa 
as  the  so-called  '  raised  beaches.'  A  link  between  the  movements  now  in 
progress  and  those  of  the  ancient  world  is  afforded  by  evidence  which  lies 
within  the  limits  of  historic  time,  i.  e.  to  which  a  date  or  period  can  be 
assigned  and  approximately  expressed  in  figures,  as  for  instance  in  the 
case  of  the  LUhodomvs  borings  in  works  of  Roman  construction. 

It  is  obvious  that  the  historic  period,  as  we  have  defined  it,  is  far  from 
possessing  the  same  importance  and  duration  at  the  mouths  of  the  Nile,  of 
the  Rhine,  and  the  Mississippi ;  but  similar  differences  also  exist  in  speaking 
of  other  periods,  as,  for  instance,  the  glacial  or  pre-glacial.  Greenland  is 
still  in  the  glacial  period,  and  no  one  who  has  seen  the  moraines  of  Lapland 
in  the  70th  degree  of  north  latitude  will  find  it  easy  to  believe  that  these 
are  just  as  ancient  as  those  of  the  moraine  lands  long  abandoned  by  the  ice 
at  the  foot  of  the  Alps. 

One  of  the  most  dangerous  sources  of  error  lies,  indeed,  in  the  temptatioii 
to  class  together,  without  distinction,  strand-lines  of  different  age.  Thus 
the  oft-repeated  assertion  that  Greenland  is  now  undergoing  a  tilting 
movement  rests  solely  on  a  mistaken  association  of  extremely  ancient 
high-lying  strand-lines  in  the  north  with  marks  apparently  positive  on 
buildings  in  the  south,  which  are  of  very  recent  date.  It  may,  however, 
sufEce  to  mention  that  in  Ingalliko  fjord  itself,  said  to  be  experiencing 
a  positive  movement,  high-level  strand-lines  are  equally  present,  as  in  the 
north. 

The  level  of  the  sea  depends  on  the  tides,  the  heat  of  the  sun,  the 
atmospheric  pressure,  the  prevailing  winds,  the  influx  of  fresh  water,  and, 
in  enclosed  seas,  on  evaporation.  It  is  also  affected  by  local  sources  of 
attraction  and  many  other  circumstances.  Among  these,  however,  are 
some  which  make  it  difEcult  to  ascertain  the  mean  level,  and  render  a  long 
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series  of  measurements  necessary  before  changes  of  level  can  be  made 
manifest;  this  is  particularly  true  of  the  winds  and  climatic  factors 
generally.  Some  movements,  such  as  the  tides,  may  be  easily  eliminated, 
owing  to  their  periodicity;  others,  again,  such  as  the  attraction  of  the 
continents,  only  need  be  considered  in  the  case  of  particular  telluric 
changes ;  others,  finally,  such  as  the  deposition  of  sediments,  act  slowly 
but  constantly,  producing  a  positive  movement,  which  is  general  so  far 
as  it  results  from  displacement,  and  local  so  far  as  it  is  a  consequence 
of  attraction.  We  shall  have  occasion  later  to  study  some  of  these  factors 
in  greater  detail. 

In  addition  to  all  these  processes  great  and  general  negative  movements 
are  from  time  to  time  produced  by  the  formation  of  fresh  oceanic  abjrsses, 
or  by  the  addition  of  new  areas  of  subsidence  to  abysses  already  in 
existence,  and  it  is  important  to  bear  in  mind  that  movements  of  this  kind 
surpass  all  others  in  importance. 

In  the  first  volume  of  this  work  certain  seas,  in  particular  the  Mediter- 
ranean, were  studied  in  some  detail;  the  various  ages  of  successive 
subsidences  in  the  Aegean,  the  North  Atlantic,  and  the  Tyrrhenian  sea, 
were  determined  within  narrow  limits,  and  the  relation  of  these  seas  to 
the  older  extensions  of  the  Mediterranean  were  discussed.  It  is  now  my 
task  to  investigate  the  boundaries,  first  of  the  Pacific,  and  then  of  the 
Atlantic  Ocean,  and  to  compare  them  with  each  other,  as  a  preliminary  to 
the  discussion .  of  the  great  oceanic  areas  of  subsidence.  While  thus 
engaged  in  a  study  of  the  coasts,  opportunities  will  arise  of  completing 
the  tectonic  sketches  which  were  outlined  in  the  first  volume,  and  so  of 
preparing  the  way  for  the  survey  of  the  face  of  the  earth,  reserved  for  the 
last  volume. 

Although  the  formation  of  the  Aegean  inbreak  falls  possibly  within 
a  period  more  recent  than  the  glacial  episode,  when  the  region  was  already 
inhabited  by  man,  still  we  may  fairly  assert  that  a  general  subsidence  of 
the  strand-line,  as  a  consequence  of  the  sudden  formation  of  a  great  oceanic 
abyss,  has  not  taken  place  for  some  thousands  of  years  past.  Tet  in 
contemplating  those  trifiing  changes  in  the  coast-line,  which  take  place 
here  and  there  before  our  eyes — the  results,  as  we  have  seen,  of  a  great 
variety  of  circumstances — we  are  again  and  again  tempted  to  regard  them 
as  the  direct  successors  of  those  remote  events  which  have  left  their  traces 
in  a  long-forgotten  past.  Thus  the  displacements  of  the  strand-line  in 
the  Baltic,  at  present  a  closed  sea,  have  been  interpreted  as  the  effects  of 
the  same  causes  as  gave  rise  to  the  ancient  high-level  strand-lines  and 
shelly  beaches  of  a  sea  which  was  certainly  not  thus  closed. 

It  thus  becomes  necessary  to  subject  some  of  the  more  important  cases 
of  change  observed  during  the  historic  period  to  a  searching  examination. 
If,  however,  the  result  should  lead  us  to  the  conclusion  that  local  factors  of 
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a  climatic  nature,  for  instance,  possess  a  greater  influence  than  is  usually 
attributed  to  them,  and  that  where  these  are  absent  long  stretches  of  coast 
show  no  signs  of  movement  within  the  historic  period,  yet  this  would  not 
prove  that  such  movement  does  not  take  place.  A  study  of  the  animal 
kingdom  does  not  reveal  any  change  in  species  within  the  historic  period, 
but  it  does  not  follow  that  species  are  immutable.  All  that  we  can 
conclude  is  that  within  the  limits  of  observation  and  of  the  period  over 
which  our  observations  extend,  such  changes  are  not  discernible.  But 
this  result  would  involve  considerable  modification  in  current  views  as 
regards  the  strand-line. 

With  the  increased  attention  given  during  the  last  few  years  to  the 
study  of  earthquakes  and  dislocations  we  have  gained  a  closer  acquaintance 
with  the  characters  which  distinguish  a  dislocation  of  the  lithosphere,  and 
at  the  same  time  have  come  to  recognize  the  rarity  of  such  an  occurrence. 
The  most  remarkable  dislocations  of  our  times  are  no  doubt  those  in  the 
west  of  the  United  States,  which  have  been  described  by  Gilbert  on  the 
borders  of  the  Great  Salt  lake,  by  Russell  in  the  Great  Basin,  and  by 
Beyer  in  the  Sierra  Nevada.  These  are  all  changes  in  the  relative  position 
of  two  segments  of  the  eaiih's  crust,  occurring  along  a  line  which  is 
usually  many  miles  in  length.  The  throw  does  not  as  a  rule  amount  to 
more  than  a  few  metres ;  the  course  at  the  surface  of  the  ground  is  always 
very  sharply  defined,  often  indeed  it  appears  as  an  open  cleft  many  miles 
long. 

I  know,  however,  of  only  a  single  case  in  which  a  recent  dislocation 
has  reached  the  sea-coast  and  produced  a  local  change  in  the  strand-line. 
This  occurred  in  New  Zealand :  Lyell  has  given  an  account  of  it  ^. 

In  the  year  1848,  during  an  earthquake  at  White  Bluff,  Cloudy  bay, 
a  fissure  opened  on  the  south  coast  of  Cook  strait,  and  ran  to  the  south- 
south-west,  parallel  to  the  course  of  the  mountains;  it  was  said  to  be 
traceable  into  the  interior  for  a  distance  of  60  miles.  On  January  28, 
1855,  a  violent  eaiihquake  again  occurred,  and  this  time  a  line  of 
dislocation  appeared  on  the  north  coast  of  Cook  strait;  it  began  on  the 
east  side  of  Muka-Muka  cliff,  12  miles  south-east  of  Wellington,  and 
was  continued  in  a  north-north-easterly  direction,  following  closely  the 
eastern  foot  of  the  Bemutaka  chain ;  it  presented,  for  the  greater  part  of 
its  course,  the  form  of  an  open  fissure,  and  extended  90  miles  into  the 
interior  of  North  island.  This  fracture  may  perhaps  be  regarded  as 
the  continuation  of  that  which  was  formed  in  1848  in  South  island.  The 
area  lying  to  the  east  of  this  line  remained  wholly  unaffected  by  the  fault 
of  1855 ;  that  to  the  west  was  displaced,  downwards  in  South  island,  and 

'  C.  Lyell,  Bull,  soc.  geol.  de  Fr.,  1865,  3«  s^r.,  XIII,  pp.  661-667 ;  Principles  of  Geology, 
11th  ed,  1872,  pp.  82-89 ;  also  R.  Mallet,  Report  on  the  Facta  and  Theory  of  Earth- 
quake Phenomena,  Rep.  Brit  Abs.,  1858,  p.  105. 
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upwards  in  North  island.  In  the  south  the  subsidence  close  to  the  fissure 
amounted  to  5  feet,  in  the  north  the  elevation  at  its  maximum,  on  the  east 
side  of  Muka-Muka  cliff,  was  9  feet:  a  white  band  of  nullipores  which 
marked  the  former  strand  now  stood,  west  of  the  line  of  dislocation,  9  feet 
above  the  water-level,  while  to  the  east  its  position  remained  unchanged. 

From  here  the  movement  decreased  towards  the  west,  so  that  at  Port 
Nicholson,  11  miles  to  the  west,  it  was  reduced  to  one-half,  and  at  a  distance 
of  23  miles  was  no  longer  observed.  In  this  case  we  may  speak  of  a  tilting 
movement,  for  the  dislocation  is  visible  not  only  on  the  coast  but  in  the 
interior  of  the  island,  and  the  facts  are  beyond  doubt.  The  presence  of 
a  visible  line  of  dislocation  sharply  separating  the  moved  area  from  the 
unmoved  distinguishes  this  case  from  all  the  others  which  we  are  about 
to  discuss. 

The  method  we  shall  adopt  in  this  discussion  is  as  follows : — 
We  shall  first  explain  the  structure  of  the  shores  of  the  Atlantic  and 
of  the  Pacific  Oceans,  and  then  point  out  the  very  remarkable  contrast 
which  distinguishes  these  two  ocean-basins. 

We  shall  next  pass  on  to  consider  the  seas  of  ancient  time&  It  must 
not  be  forgotten  that  it  was  the  extraordinary  extent  of  the  seas  in  the 
earlier  periods  of  the  eaiih's  history  which  gave  the  first  impulse  to  all 
these  discussions.  The  question  will  then  arise  whether  the  nature  and 
the  distribution  of  the  ancient  sediments  point  to  local  or  general  altera- 
tions in  the  sea-level.  For  the  solution  of  this  it  will  not  be  necessary  to 
treat  the  deposits  of  each  stratified  system  with  equal  fullness.  On  the 
contrary,  I  do  not  propose  to  discuss  the  distribution  of  the  sediments  in 
any  detail  except  in  those  cases  where  observations  have  already  led  to 
clear  and  definite  results,  and  I  shall  only  incidentally  refer  to  their  nature. 
Thus  in  the  Carboniferous  the  presence  of  the  Coal-measures,  so  far  as  they 
bear  on  the  question  before  us,  will  be  taken  into  consideration,  and  in  the 
Rhaetic  period  the  formation  of  the  limestone& 

Among  the  events  of  the  immediate  past  and  of  the  existing  present 
are  some  of  exceptional  importance,  such  as  the  origin  of  the  Norwegian 
strand-lines,  the  behaviour  of  the  Baltic,  and  the  temple  of  Serapis  at 
Puzzuoli  in  the  Mediterranean ;  these  demand  a  more  detedled  investigation. 
In  conclusion  we  shall  attempt  a  survey  of  existing  observations. 
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CHAPTER  II 
THE  OUTLINES  OF  THE  ATLANTIC  OCEAN 

The  Canadian  shield.  The  Baltic  shield.  Glint  lines.  The  table-land  of  Spitabexgen. 
€hreenland.  The  Caledonian  mountains.  The  Armorican  mountains.  The  ViazuciaD 
mountains.  The  syntaxis  of  Central  Europe.  The  Iberian  Meseta.  Surrey  of  the  pre- 
Permian  mountains  in  Europe.  The  islands  of  Europe.  Western  Africa.  The  eui  of 
Central  and  South  America.    Survey  of  the  outlines  of  the  Atlantic. 

The  Canadian  Shield.  The  whole  of  the  north-east  of  America,  from 
the  mouth  of  the  Si  Lawrence  to  that  of  the  Mackenzie,  together  with 
the  adjacent  islands  of  the  Arctic  Ocean,  belongs  to  a  broad  table^land  of 
horizontal  Palaeozoic  beds,  from  beneath  which  the  Archaean  foundation 
crops  out  in  the  middle  of  the  table-land  not  unlike  a  flat  shield.  This 
Archsrcan  shield  is  thus  surroimded  by  a  ring  of  horizontally  stratified  sedi- 
ments. The  primaeval  rocks  composing  it  were  not  only  folded  in  pre- 
Cambrian  times,  but  were  also  exposed  to  severe  denudation,  so  that  the 
Palaeozoic  series  rests  on  the  planed-down  edges  of  Archaean  folds.  Many 
great  patches  of  the  Palaeozoic  covering,  however,  remain  preserved  on  the 
shield  itself.  The  exposure  of  the  shield,  the  outlines  of  the  inner  mai^gin 
of  its  Palaeozoic  girdle,  as  well  as  of  the  superincimibent  Palaeozoic  patches^ 
result  to  a  great  extent  from  the  glacial  erosion  which  these  regions  have 
experienced  in  comparatively  recent  times. 

It  is  to  the  exposed  Archaean  surface  that  we  give  the  name  of  the 
Canadian  shield. 

Resting  upon  this  shield,  a  little  outside  the  central  region  towards  the 
east,  lies  the  sheet  of  water  known  as  Hvdami  bay.  As  we  might  expect 
from  the  uniform  structure  of  the  land,  this  large  arm  of  the  sea  is  of  a  very 
uniform  and  trifling  depth,  which  amounts,  in  Hudson  bay  and  James 
bay,  to  only  about  70  fathoms ;  towards  Hudson  strait,  the  bottom  sinks 
to  100  fathoms  and  over ;  in  Fox  channel  the  depths  are  much  more  con- 
siderable. Hudson  bay  cannot,  therefore,  be  compared  with  the  deep 
inbreaks  of  the  Mediterranean,  the  gulf  of  Mexico,  or  the  Caribbean  sea. 
Neither  the  expression  '  fore-sea '  (Vormeer)  nor  '  back-sea '  (RUckmeer)  is 
here  applicable ;  the  bay  is  only  a  submerged  plateau,  a  shallow  pan. 

A  similar  structure  is  presented  elsewhere  in  only  one  instance,  that  of 
the  Baltic  sea. 

Such  details  as  we  possess  concerning  the  structure  of  the  i^eighbourhood 
of  Hudson  bay,  and  of  the  several  Palaeozoic  patches  which  rest  upon  the 
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shield,  we  owe  almost  exclusively  to  the  labours  of  Robert  Bell  \  The 
shores  are  flat ;  only  on  the  east  coast  of  James  bay  and  to  the  north  of  it, 
towards  cape  Wolstenh'olme,  do  more  considerable  heights  occur,  attaining 
nearly  2,000  feet. 

A  band  of  horizontally  stratified  sediments  of  Silurian  and  Devonian 
age  starts  from  the  south  and  extends  for  a  great  distance  up  to  the  southern 
and  western  part  of  the  shores  of  James  bay.  On  the  west  of  Hudson  bay, 
near  the  mouth  of  the  Churchill  river,  lies  a  great  mass  of  ancient  quartzites 
with  horizontal  stratification.  In  the  north  crystalline  schists  are  found 
about  Chesterfield  inlet ;  Marble  island  owes  its  name  to  an  error ;  it  is  not 
formed  of  marble,  but  of  quartzite  and  schist.  At  cape  Southampton  and 
on  Mansfield  island  thinly  stratified  fossiliferous  limestone  of  Silurian  age 
Ues  in  hundreds  of  horizontal  beds,  which  the  nndennming  waves  break  up 
into  towers  and  pillars.  The  contrast  between  the  plateau-like  Mansfield 
island  and  the  surrounding  country  is  described  as  striking  in  the  extreme. 
Between  these  regions  the  greater  part  of  the  land  consists  in  all  proba- 
bility of  gneiss.  Cape  Wolstenhohne  is  also  formed  of  gneiss,  as  weU  bs 
a  large  part  of  the  east  coast,  but  in  Natapuka  sound  remains  of  the 
Palaeozoic  covering  occur. 

We  will  now  pass  out  of  the  bay  through  Hudson  strait,  where  the 
border  of  the  shield  is  least  known  and  where  its  form  appears  to  be  least 
regular. 

The  islands  off  cape  Wolstenhohne,  Digges,  Nottingham,  and  Charles 
island,  as  well  as  Prince  of  Wales  sound  and  North  bay  lying  opposite, 
on  the  coast  of  Meta  incognita,  are  wholly  composed  of  gneiss,  as  is  all 
that  is  known  of  the  south  coast  of  Meta  incognita  as  far  as  the  Savage 
islands,  near  Resolution  island. 

Proceeding  towards  cape  Chudley  and  the  sea,  however,  we  encounter 
an  independent  and  fairly  lofty  chain,  which  can  no  longer  be  Regarded  as 
belonging  to  the  Canadian  shield  or  to  its  border.  The  position  of  this,  as 
we  shall  see  later,  is  of  particular  importance :  it  begins  near  Belle  Isle  straits 
and  forms  the  whole  coast  of  Labrador;  in  its  northern  part  it  attains 
a  height  of  6,000  feet  and  reaches  Hudson  strait  near  cape  Chudley  with 
a  height  of  1,500  feet.  According  to  Bell's  observations  this  coastal  chain 
is  not  broad,  and  is  followed  on  the  west  by  a  flat  country  through  which 
the  Whale  river  flows  to  the  north  into  Ungava  bay.  In  the  south  the  two, 
little  islands,  Castle  island  and  Henley  island,  facing  the  northern  point  of 

^  R.  Bell,  Report  on  Hudson's  Bay  and  some  of  the  Lakes  and  Rivers  lying  to  the  West 
of  it,  Oeol.  Surv.  Canada,  Report  for  1878-1880,  p.  27,  G.  et  seq. ;  by  the  same.  Report  on 
the  Geology,  Mineralogy,  Zoology,  and  Botany  of  the  Coast  of  Labrador,  Hudson's  Straits, 
and  Hudson's  Bay,  op.  cit.  for  1882-1884,  DD.  Digges,  near  cape  Wolstenhohne,  is 
only  a  single  island  cut  through  by  two  deep  furrows ;  it  was  at  one  time  supposed  that 
three  independent  islands  existed  here. 
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Newfoundland,  consist  of  horizontal  sheets  of  an  eruptive  rock  such  as  are 
known  in  several  places  elsewhere  in  Canada,  intercalated  into  the  lowest 
Palaeozoic  beds,  and  these  sheets  form  a  startling  contrast  to  the  surrounding 
country,  which  consists  of  gneiss.  We  may  add  at  once  that  the  island  of 
Anticosti  in  the  gulf  of  St  Lawrence  is  formed  of  flat-lying  Silurian  beds. 

The  coast-chain  of  Labrador  consists,  so  far  as  it  is  known,  of  gneiss  and 
other  Archsrcan  rocks.  Its  lower  parts  are  rounded  by  ice,  but  above  it  is 
broken  up  into  jagged  peaks  and  sharp  ridges.  The  ice  did  not  reach  the 
upper  parts,  although  in  the  south  it  extended  up  the  slopes  to  a  he^ht  of 
about  1,600  feet. 

Sutherland  had  already  shown  that  the  highly  glaciated  west  coast  of 
Davis  strait  and  Baffin  bay,  from  Cumberland  bay  nearly  as  far  as  cape 
Walter  Bathurst,  consists  chiefly  of  Archaean  rocks ;  traces  of  a  Palaeozoic 
covering  have  only  been  met  with  near  cape  Durban  and  to  the  south  of  it  ^. 
Hall  subsequently  visited  the  southern  part  of  these  regions:  the  most 
detailed  observations  have  been  made  by  Boas.  From  these  it  appears  that  a 
high  and  narrow  coast-chain,  precisely  similar  to  that  of  Labrador,  exists  here. 
Dr.  Boas  has  had  the  kindness  to  furnish  me  with  the  following  description : 
'  The  narrow  range  which  forms  Cumberland  peninsula  runs  along  the  west 
coast  of  Baffin  bay  up  to  Lancaster  sound.  In  Home  bay,  where  the  coast 
assumes  a  north  to  south  direction,  a  remarkable  gap  occurs,  and  the  hilly 
country  of  the  west  advances  as  far  as  Davis  strait.  This  range,  as  far  as 
it  is  known  to  me,  consists  in  its  central  part  of  gneiss,  in  the  peripheral 
parts  of  coarse-grained  granites.  The  whole  range,  rising  in  steep  horns 
and  peaks  to  a  height  of  2,000  meters  and  over,  is  characterized  by  narrow 
valleys  with  precipitous  walls  which  extend  across  the  peninsula  and  con- 
nect the  corresponding  fjords  of  the  opposite  coasts,  the  he^ht  of  the  passes 
being  scarcely  150  meters.  The  country  is  thus  cut  up  into  steep- walled 
mountain  masses,  three  of  which  succeed  each  other  as  far  as  Home  bay. 
Further  to  the  north  also  the  mountains  are  completely  intersected  by  deep 
'  fjords  which  merge  into  valleys  opening  on  to  the  western  plains.  Pre- 
cisely analogous  features  are  met  with  in  the  extreme  north,  where  Hayes 
sound  appears  to  form  a  similar  divisional  line,  and  where  the  valley  wMch 
connects  Greeley  and  Archer  i^ords  separates  two  mighty  highlands. 

'  To  the  west  of  the  range  lies  a  hilly  country,  apparently  quite  irregular, 
and  composed  of  coarse-grained  granite.  A  glance  at  the  fjords  of  the 
north-west  coast  of  Cumberland  shows  the  predominance  of  a  north-west 
and  north  to  south  direction  in  the  course  of  the  valleys.  The  form  of  the 
fjords  is  here  very  striking:  they  consist  almost  everywhere  of  basins 
connected  by  narrow  gullies  in  which  rapids  are  formed  by  the  water 
flowing  into  or  out  of  them  according  to  the  state  of  the  tide. 

^  P.  C.  Sutherland,  On  the  Geological  and  Glacial  Phenomena  of  the  Coasts  of  DaTis 
Strait  and  Baffin's  Bay ;  Quart.  Joum.  GeoL  Soc.,  1853,  IX,  p.  299. 
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'  As  we  advance  towards  the  west  the  hills  become  lower  and  the  valleys 
broaden  until  we  find  ourselves  at  last  on  a  boundless  plain. 

•  Here  the  Saurian  Umestones  begin,  which  m  the  more  southerly  parts 
of  the  country  had  been  found  at  the  upper  end  of  Frobisher  bay  and  on 
the  shores  of  lake  Kennedy,  where  they  are  surprisingly  rich  in  fossils. 
The  first  of  these  localities  was  made  known  by  HalL  Unfortunately 
I  did  not  find  the  rock  in  place,  since  the  plains  were  covered  by  veiy  deep 
snow,  so  that  I  cannot  say  whether  the  beds  lie  horizontal  or  not; 
probably  they  do.  The  lakes  of  this  region  must  certainly  be  regarded 
as  relics  of  the  sea.  The  whole  eastern  half  of  Fox  basin  is  flat,  and 
the  plain  is  an  exposed  sea  bottom,  us  is  proved  by  the  remains  of  whales, 
walruses,  &c. 

'  Orographically,  the  peninsula  bounded  by  Cumberland  sound  and 
Frobisher  bay  is  completely  sepaj*ated  from  the  range  described  above. 
The  peninsula  attains  its  greatest  height  in  its  southern  parts,  and  slopes 
away  to  the  plain  towards  the  north-west.  The  northern  shore  consists 
exclusively  of  granite:  in  the  south  limestones  (Silurian?)  occur.  Sand- 
stone also  has  been  found  in  the  extreme  south. 

'  The  peninsula  of  Meta  incognita  is  also  completely  independent  of  the 
northern  plateau,  for  the  plain  reaches  as  far  as  Frobisher  bay.' 

I  have  given  this  information  in  full,  since  it  embodies  all  that  we 
actually  know  of  a  lofty  and  independent  range ;  consisting  chiefly  of  gneiss 
and  extending  from  the  southern  part  of  Cumberland  nearly  as  far  north 
as  cape  Walter  Bathurst.  It  is  either  the  direct  continuation  of  the  lofty 
gneiss  range,  which  Robert  Bell  followed  along  the  coast  of  Labrador  from 
Belle  Isle  strait  to  cape  Chudleigh,  or  at  least  corresponds  very  closely  in 
position  with  such  a  continuation. 

To  the  west  of  this  coastal  range  lies  a  flat  country,  in  which  Silurian 
limestone  with  horizontal  stratiflcation  has  been  observed  in  several  locali- 
ties. Boas  conjectures,  with  great  probability,  that  the  horizontal  Silurian 
limestone  which  we  shall  meet  with  later  more  to  the  north  in  Prince  Regent 
inlet  is  continued  thence  on  to  the  flat  eastern  half  of  Melville  peninsula, 
where  Hall  observed  it  near  Igluling,  thence  to  lake  Nettilling  (lake 
Kennedy)  and  to  the  upper  end  of  Frobisher  bay  \  Such  then  is  the  north- 
eastern border  of  the  Canadian  shield,  separated  by  a  long  and  lofty  gneiss 
range  from  the  depths  of  Baffin  bay  and  Davis  strait. 

A  continuation  of  this  Silurian  zone  is  so  far  not  known  on  the  shores 
of  Hudson  strait,  and  it  is  therefore  not  possible  to  say  whether  it  should 
be  looked  for  in  the  plain  which  extends  from  Ungava  bay  through  Labrador 
southwards  to  Belle  Isle  strait  and  the  island  of  Anticosti. 

That  Anticosti  consists  of  horizontal  Silurian  limestone  has  already  been 

*  Franz  Boas,  Baffin-Land ;  Oeographisclie  Ergebnisse  einer  1883  und  1884  ansgefOhrten 
Fonchungsreise :  Peterm.  Mittheil.,  Ergfinzungsheft  No.  80,  1885,  pp.  60  and  57. 
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mentioned ;  but  just  aa  to  the  north-east  the  Silurian  girdle  in  Cumberland 
peninsula  is  bounded  on  the  exterior  by  the  lofty  gneiss  range  of  the  ooaat, 
so  on  the  St.  Lawrence  it  is  bounded  on  the  exterior  by  the  folded  mass 
of  Maine  and  New  Brunswick. 

The  east  of  the  United  States  is  traversed  by  folds  which  have  been 
produced  by  a  tangential  movement  directed  from  the  existing  Atlantic 
ocean  towards  the  mainland.  We  have  seen  (I.  pp.  553-555)  that  from 
Alabama  to  Georgia  these  folds  strike  to  the  north-east  more  or  leas 
parallel  with  the  coast,  thus  forming  the  Alleghany  mountains,  and  are 
finally  continued  into  the  Catskill  mountains  north-north-west  of  New 
York,  where  they  are  joined  by  a  system  of  folds  striking  from  north  to 
south. 

The  Alleghanies  are  not  separated  from  the  adjacent  plain  on  the  west ; 
the  intensity  of  the  folding  decreases  in  this  direction  and  a  secondary 
folded  formation  or  parma,  the  Cincinnati  uplift,  lies  in  front  of  them. 
With  the  folds  which  run  from  north  to  south  the  case  is  different.  Their 
western  border  extends  along  the  length  of  lake  Champlain,  reaches  the 
St.  Lawrence  near  Quebec,  and  then,  with  the  trend  curving  to  the  north- 
east, follows  the  right  shore  of  this  great  river.  The  country  to  the  right 
of  the  river  is  folded,  that  to  the  left  of  it  is  flat  table-land. 

It  is  true  that  on  the  left  shore  the  whole  Archaean  and  Azoic  series 
has  been  intensely  folded,  but  it  was  abraded  at  a  very  early  period,  and  on 
the  denuded  folds  several  members  of  the  Silurian  were  deposited  horizon- 
tally ;  these,  however,  have  been  so  far  removed  in  later  times,  that  over 
large  areas  the  Archaean  foundation  alone  is  visible.  This  is  the  case 
according  to  Laflamme  around  lake  Si  John  and  in  the  whole  fluvial 
region  of  the  Saguenay.  Some  parts  of  the  Palaeozoic  patches  of  lake 
St.  John  contain  petroleum  \ 

Selwyn's  admirable  account  of  the  structure  of  this  region  confirms 
Logan's  view,  that  the  St.  Lawrence  must  be  regarded  as  marking  an 
extremely  important  boundary  line  in  the  structure  of  the  countiy  *•  All 
the  Silurian  on  the  right  bank,  from  Quebec  away  towards  cape  Bozier» 
follows  the  trend  of  the  shore-line  and  is  overfolded  towards  the  west,  so 
that  the  beds  are  inverted  as  in  the  outer  border  of  the  Alps.  These  Silu- 
rian folds  are  followed  towards  the  east,  at  a  distance  of  a  few  miles  from 
the  river,  by  a  long  and  narrow  but  not  continuous  zone  of  Archaean  rocks ; 
two  other  similar  zones,  running  close  together  and  nearly  parallel,  strike 
north  and  south  towards  the  south-east  part  of  Chaleur  bay ;  another  zone 

^  J.  G.  E.  Laflamme,  Report  on  Geological  Observations  in  the  Region  of  the  Sagnenay ; 
Geol.  Surv.  Canada,  Report  for  1882>1884,  D. 

*  A.  Selwyn  and  0.  M.  Dawson,  DeBcriptive  Sketch  of  the  Physical  Geography  and 
Geology  of  the  Dominion  of  Canada,  8vo,  Montreal,  1884,  with  map,  pp.  5-26;  also 
£.  Gilpin,  jun..  The  Geology  of  Cape  Breton  Island,  Nova  Scotia,  Quart.  Joum.  Geol.  Soc, 
1886,  XLII,  pp.  515-526,  map. 
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of  Archaean  maaeea  runa  in  a  curved  line  along  the  bay  of  Fnndy,  then 
reaches  the  most  northerly  part  of  cape  Breton  on  the  north-eaat  and  is 
continued  acroas  the  sea  into  Newfoundland.  Still  further  to  the  east 
follow  the  zones  directed  to  the  east-north-east  which  have  been  already 
mentioned  (L  p.  554). 

The  folding  is  older  than  a  part  of  the  Carboniferous  period,  as  is 
shown  by  the  lie  of  the  Coal-meaaures  in  New  Brunswick,  and  did  not 
«xtend  beyond  the  present  line  of  the  lower  St.  Lawrence,  but  it  has 
been  dammed  back  against  this  line,  and  overfolding  has  taken  place  in 
consequence.  Selwyn  represents  the  structure  of  the  St.  I^wrence  valley 
itself  by  the  accompanying  section. 

On  the  left  we  see  the  edge  of  the  table-land ;  an  upper  member  of  the 
Jower  Silurian  (Trenton  limestone)  lies  in  transgression  on  the  abraded 


Pio.  8.  Hj/poOutiail  Stctim  acroa  the  rlvtr  St.  Lawrence  and  Uc  fate  1/  Orltatu.  After  Selwyo. 
I,  II,  III  Fanlta ;  gn  GneisB ;  i  red,  green,  and  black  Bhales  and  iandatonea  with  Cambrian 
fosgils  in  the  ioclnded  pebbles  ('  Lauzon  stage ')  ;  t  Levis  oonglomerftte  and  Oraplolite  Bhaleg 
(Loner  Silurian) ;  _;  Chazy  limestone  and  other  beds  (Lower  Silurian) ;  4  Trenton  limestone, 
lying  transgreasivel;  on  the  gneisa  (Upper  SilnriMi) ;  f ,  6  Utica  and  Hudson  atagea  (Upper 
Silurian). 

folds  of  the  gneiss.  The  northern  arm  of  the  St.  Lawrence  is  a  true 
fault  trough,  for  the  downthrown  strata  of  the  river  bed,  visible  along  the 
fractures  on  both  shores,  belong  to  the  more  recent  divisions  of  the  lower 
Silurian  (Utica  and  Hudson  stages) ;  the  isle  of  Orleans  is  a  horst,  and  at 
the  same  time  part  of  the  folded  region. 

The  boundary  between  the  folded  region  and  the  table-land  runs 
between  cape  Bozier  and  the  island  of  Anticosti ;  this  part  of  the  gulf  of 
St.  Lawrence  and  the  lower  part  of  the  river  is  therefore  a  true  'fore- 
valley '  (Vorthal),  like  the  Persian  gulf. 

The  folds  of  New  Brunswick  and  cape  Breton  island  ran  out  in  jagged 
ends  towards  the  gulf  of  St.  Lawrence,  and  are  continued,  as  we  said 
Above,  into  Newfoundland.  The  very  first  examination  of  the  island  made 
by  Jukes  in  the  years  1839  and  1840,  showed  that  its  outline  is  entirely  deter- 
mined by  folds  Btriking  across  it;  the  saddles  of  these  folds  form  peninsulaa 
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both  on  the  north  and  south  coasts,  while  the  bays,  such  as  White  bay,  Notre 
Dame,  Bonavista,  Trinity  and  Conception  bay  in  the  north,  and  Fortune, 
Placentia  and  St.  Mary  bay  in  the  south,  correspond,  for  the  greater  part^ 
to  synclinals.  The  later  surveys  of  Murray  and  Howley  confirm  this  result; 
the  great  northern  peninsula  is  probably  a  single  continuous  anticlinal; 
a  fault  appears  to  run  with  the  strike  from  the  neighbourhood  of  cape  Bay 
in  the  south-west  of  the  island  through  the  Grand  lake  to  White  bay,  that 
is,  across  the  whole  island :  in  the  south-east,  the  extent  to  which  the  out* 
line  is  determined  by  the  folds  is  shown  with  particular  clearness  by  the 
Avalon  peninsula.  The  mean  direction  of  the  folds  is  N.  27*  E.  They  are 
formed  of  Archaean  and  Palaeozoic  rocks;  the  Carboniferous  formation, 
or  at  least  a  part  of  it,  lies  unconf ormably  upon  them  ^. 

Here  we  have  before  us  a  striking  example  of  that  form  of  coast  which, 
with  F.  von  Richthof en,  we  will  term  the  i^iaa  coast.  It  indicates  the  plung- 
ing of  great  folded  mountains  beneath  the  ocean  ^.  Thus,  the  outer  border 
of  the  girdle  of  flat-lying  beds  surrounding  the  Canadian  shield  is  defined 
towards  the  north-east  by  the  gneiss  mountains  of  the  west  coast,  by 
Baffin  bay,  Davis  strait,  and  Labrador;  towards  the  south-east  by  the 
St.  Lawrence,  and  the  folded  mountains  of  New  Brunswick  and  New- 
foundland. On  the  south  and  west  there  is  no  such  outer  boundary  of  the 
encircling  zone ;  it  becomes  continuous,  in  Michigan,  Wisconsin,  Minnesota 
and  the  northern  Prairie  land,  with  the  widely  extended  Palaeozoic  deposits 
of  the  neighbouring  regions,  and  is  covered  towards  the  west  by  the 
transgressive  Cretaceous. 

On  the  inner  border  of  the  girdle,  that  is,  along  the  margin  of  the 
Archaean  shield,  a  phenomenon  appears  for  the  first  time  to  which  I  shall 
subsequently  have  frequent  occasion  to  refer ;  I  allude  to  the  evident  con- 
nexion which  exists  between  the  position  of  the  great  lakes  and  the  course 
of  this  boundary  line. 

The  line  runs  from  the  north-east  end  of  lake  Ontario  to  the  east  end 
of  Georgian  bay,  and  thence  towards  the  west  end  of  lake  Superior.  The 
northern  shores  of  the  great  sheet  of  water  consist  chiefly  of  Archaean, 
or  at  least  Azoic  rocks,  while  on  the  south  side  the  various  members  of  the 
Palaeozoic  series  occur,  and  spread  out  towards  the  United  States. 

Further  to  the  north-west,  the  coincidence  of  the  lakes  with  the  boundary 
of  the  Archaean  shield  is  still  more  striking ;  Richardson,  Isbister,  and  other 
observers  long  ago  called  attention  to  it  \ 

^  J.  B.  Jukes,  General  Report  of  the  Geological  Survey  of  Newfoundland,  8vo,  London, 
1848,  map,  p.  128  et  seq. ;  A.  Murray  and  J.  P.  Howley,  Geological  Survey  of  Newfbimd- 
land,  8vo,  London,  1881,  p.  139  et  passim  ;  also  J.  Milne,  Notes  on  the  Physical  Natuie 
and  Mineralogy  of  Newfoundland,  Quart.  Joum.  GeoL  Soc,  1874,  XXX,  pp.  722-745. 

*  F.  von  Richthofen,  Ftlhrer  fQr  Forschungsreisende,  8vo,  1886,  p.  308. 

'  J.  Richardson,  On  some  Points  of  the  Physical  Geography  of  North  America  in 
connexion  with  its  Geological  Structure,  Quart.  Joum.  Geol.  Soc,  1851,  YII,  pp.  212-215; 
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The  east  side  of  lake  Winnipeg  is  Archaean,  while  the  islanda  and  the 
west  shore  belong  to  the  horizontally  stratified  Palaeozoic  border ;  on  this 
border  lie  Winnipegosis,  Manitoba,  and  a  crowd  of  smaller  sheets  of  water, 
and  to  the  west  of  these  begins  that  vast  region  of  Cretaceous  deposits 
which  extends  to  the  foot  of  the  Rocky  mountains  (I,  pp.  558,  584). 

In  descending  the  river  Athabasca,  Bell  found  himself  between 
Cretaceous  rocks  as  far  as  Drowned  rapid,  i.e.  to  about  lat.  56**  Aff  N. ; 
from  this  point  onwards  Devonian  sandstone,  rich  in  petroleum  and  lying 
horizontal,  makes  its  appearance.  The  petroleum  forces  its  way  up  through 
the  Cretaceous  beds,  flows  out  and  covers  the  slopes  of  the  shores  with 
bitumen.  The  outflow,  however,  appears  to  be  very  local ;  a  thick  bed  of 
•clay  at  the  base  of  the  Cretaceous  holds  the  petroleum  down  over  large 
Areas.  Some  patches  of  Cretaceous  are  still  to  be  seen  further  to  the 
north;  the  flat-lying  Palaeozoic  deposits  are  continued  to  lake  Athabasca 
and  form  its  southern  shore  as  far  as  it  is  known.  The  northern  shore, 
on  the  other  hand,  consists  of  gneiss.  Gneiss  also  forms  the  islands  at  the 
west  end  of  the  lake  and  the  country  about  the  mouth  of  the  river 
Athabasca,  and  the  exit  of  the  Great  Slave  river  ^ 

The  work  of  the  Geological  Survey  of  Canada,  which  has  extended  as 
far  as  the  Great  Slave  lake,  and  the  highly  important  explorations  of 
Richardson,  Youle  Hind,  Kennicott,  and  others,  in  the  inhospitable  regions 
which  stretch  northwards  from  the  Great  Slave  lake  to  the  Arctic  Ocean, 
•enable  us  to  trace  the  boundary  between  the  Archaean  shield  and  the 
Palaeozoic  border,  which  takes  approximately  the  following  course  ^ : — 

For  a  very  long  distance  it  almost  coincides  with  the  Slave  river ;  and 
that  half  of  the  Great  Slave  lake  which  lies  east  of  the  mouth  of  this  river  is 
floored  by  Archaean  rocks,  that  to  the  west,  on  the  other  hand,  by  Palaeozoic 
beds.  On  the  west  shore  important  springs  of  petroleum  occur.  To  the 
north  of  the  Great  Slave  lake  the  boundary  is  indicated,  according  to 
Richardson,  first  by  a  long  arm  of  the  lake,  then  by  a  series  of  smaller 
sheets  of  water.  It  extends  to  lake  La  Martre,  then  with  a  change  of 
direction  reaches  the  south-east  part  of  Great  Bear  lake  in  MacTavish 
bay,  and  follows  the  lower  course  of  the  Coppermine  river  down  to  the  sea, 

\)j  the  same,  Narrative  of  an  Arctic  Search  Expedition,  2  vols.,  London,  1851,  and  The 
Polar  Regions,  Edinburgh,  1861,  pp.  285-289;  Murchison,  Siluria,  4th  ed.,  1867,  p.  440 
et  passim ;  further,  A.  K.  Isbister,  On  the  Geology  of  the  Hudson  Bay  Territories  and 
•of  portions  of  the  Arctic  and  North-western  Regions  of  America,  Quart.  Joum.  Geol.  Soc, 
1855,  XI,  p.  503.  This  western  boundary  of  the  shield  from  the  south  up  to  the  Slave 
lake  is  marked  on  the  general  map  of  the  Geological  Survey  of  Canada  which  appeared 
in  1888. 

^  R.  Bell,  Report  on  Part  of  the  Basin  of  the  Athabasca  River,  N.W.  Territory ;  Geol. 
Surv.  Canada,  Report  for  1682-1884,  CC. 

*  F.  B.  Meek,  Remarks  on  the  Geology  of  the  Vall^  of  Mackenzie  River,  with  Figures 
and  Descriptions  of  Fossils  llrom  that  Begioii»  dikftv  ooUeoted  by  the  late  R.  Kennicott ; 
Trans.  Chic  Acad.  Sci.,  1867-1869, 1,  pp.  61- 
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80  that  cape  Barrow  and  its  adjacent  islands  in  Coronation  golf  oonaifit  of 
granite  and  gneiss,  while  cape  Krosenstem,  a  little  farther  westy  belongs 
to  the  Palaeozoic  girdle,  which,  maintaining  a  great  breadth,  extends  beyond 
the  mouth  of  the  Mackenzie. 

Those  explorers  who  have  followed  the  course  of  the  Mackenzie  have 
thus  encountered  only  Palaeozoic  deposits  and  some  patches  of  upper  Cre- 
taceous and  Tertiary ;  but  we  have  already  mentioned  that  from  the  upper 
tributaries  of  the  Peace  river  the  border  of  the  Rocky  mountains  assumes 
an  almost  north-and-south  direction,  so  that  it  should  meet  the  Mackenzie 
below  the  confluence  of  the  Liard  (I,  p.  558),  and  indeed,  steeply  upturned 
beds,  offering  a  striking  contrast  to  the  horizontal  strata  of  the  rest  of  the 
broad  border,  have  been  observed  at  several  localities  within  this  region, 
particularly  below  Fort  Simpson,  that  is  to  say  a  little  below  the  con- 
fluence of  the  Liard  and  the  Mackenzie,  and  the  heights  visible  from  there 
have^  in  fact,  been  expressly  described  as  spurs  of  the  Rocky  mountains. 
Then  follows  on  the  Mackenzie  river  a  long  stretch  of  country  formed  of 
horizontal  Palaeozoic  beds;  near  the  Ramparts,  however,  in  lat.  66^  N* 
a  steep  dip  to  the  north-west  predominates,  but  still  further  down  the 
valley,  in  the  narrows  above  the  delta,  the  beds  again  become  horizontal ; 
to  the  east  they  are  known  as  far  as  the  upper  course  of  Anderson  river^ 
or  indeed,  as  we  saw  above,  even  as  far  as  cape  Erusenstem,  and  to  the 
west  as  far  as  the  upper  reaches  of  Porcupine  river.  Kennicott,  MacFarlane, 
and  Petitot  have  traced  them  in  these  remote  regions  ^ 

Some  connexion  with  the  Rocky  mountains  thus  evidently  exists,  though 
its  precise  nature  is  not  known.  A  very  remarkable  fact,  established  by 
Meek,  is  the  extraordinary  constancy  and  importance  presented  by  the 
middle  divisions  of  the  Devonian  within  the  Palaeozoic  border.  The  fossils 
which  have  been  found  in  it  enable  us  in  fact  to  trace  the  deposits  of  the 
Hamilton  group  (middle  Devonian)  from  Rock  island,  Illinois,  through 
Iowa,  Minnesota,  Dakota,  the  great  girdle  along  the  lakes,  and  down  the 
Mackenzie  almost  to  the  Arctic  Ocean;  the  fossiliferous  localities  most 
remote  from  one  another,  separated  by  nearly  thirty  degrees  of  latitude, 
possess  a  not  inconsiderable  number  of  species  in  common ;  in  the  south, 
as  well  as  at  several  localities  in  the  extreme  north,  these  deposits  are 
characterized  by  their  richness  in  petroleum  and  by  salt  springs;  this 
character  extends,  indeed,  as  far  east  as  Gasp^,  and  we  have  already  men- 
tioned it  in  connexion  with  the  isolated  patches  of  lake  St.  John,  north 
of  the  lower  St.  Lawrence. 

As  regards  more  recent  deposits  a  number  of  patches  may  be  observed 
on  the  Bear  river,  which  flows  from  the  Great  Bear  lake  into  the  Mackenzie. 

^  Meek,  torn,  cit.,  p.  74  et  seq. ;  Hubert,  Documents  ear  la  g^ologie  du  MacKensier 
recueiUis  par  le  Pfere  Petitot,  Bull.  Soc.  g^l.  de  Fr.,  1874-1875,  8«  s^r..  Ill,  p.  87  ^ 
Petitot,  Notes  g^ologiques  sur  le  bassin  du  MacKenzie,  torn,  cit.,  pp.  88>98. 
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Sir  John  Richardson  found  an  Ammonite  in  the  rapids  of  this  river ;  Hind 
brought  home  an  Ammonite  and  an  Inoceramus,  obtained  from  horizontal 
beds.  The  marine  Cretaceous  beds  thus  extend  along  the  outer  border  of 
the  Rocky  mountains  from  the  far-distant  south  to  lat.  65"*  N.  Tertiary 
lignites  appear  in  many  places,  both  on  the  Bear  river  and  the  Mackenzie; 
the  plant  remains  have  been  described  by  Heer.  They  extend  as  far  as 
the  islands  which  lie  opposite  the  mouth  of  the  Mackenzie ;  one  patch  lies 
between  cape  Bathurst  and  cape  Parry ;  it  was  this  patch  that  Miertsching 
saw  on  fire  in  1850.  From  here  the  lignites  extend  further  to  the  west 
coast  of  Banks'  Land  and  Prince  Patrick  island  ^.  The  phonolite  mountains 
of  the  lower  Mackenzie  and  of  the  Bear  river,  mentioned  by  Petitot,  are 
probably  of  the  same  age. 

We  thus  perceive  that  the  abraded  Archaean  platform,  on  which 
Hudson  bay  lies,  may  be  traced  from  the  east  to  a  great  girdle  of  lakes, 
the  position  of  which  stands  in  evident  connexion  with  the  course  of  the 
flatly-bedded  Palaeozoic  border.  For,  apart  from  the  isolated  patches  of 
Palaeozoic  resting  upon  it,  already  mentioned  as  occurring  on  the  shores  of 
Hudson  bay,  the  boundary  of  the  Archaean  region  runs  in  such  a  manner 
that  the  north  coast  of  the  northern  bays  of  lake  Huron,  the  north  coast 
of  lake  Superior,  and  the  east  coast  of  lake  Winnipeg  still  consist  of 
Archaean  rocks,  while  the  sheets  of  water  themselves  lie  entirely  or  for 
the  greater  part  on  the  Palaeozoic  girdle;  and  from  lake  Winnipeg  the 
boundary  runs  through  the  western  end  of  lake  Athabasca  across  the  Great 
Slave  lake,  following  the  great  notch  in  its  north  side  near  Fort  Rea, 
through  lake  La  Martre,  through  the  east  half  of  the  Great  Bear  lake,  and 
finally  to  Coronation  gulf  in  the  Arctic  Ocean. 

Isbister  long  ago  pointed  out  the  analogy  between  the  position  of 
Coronation  gulf  and  of  the  lakes  just  discussed.  Li  order  to  examine 
more  closely  into  this  resemblance,  let  us  now  turn  to  the  Arctic 
archipelago. 

Among  the  many  perilous  journeys  made  through  the  Arctic  archi- 
pelago of  North  America,  none  has  produced  richer  results,  as  regards 
our  knowledge  of  the  geological  structure  of  this  region,  than  the  search 
for  the  remains  of  Sir  John  Franklin  and  his  companions,  conducted  by 
M'Clintock  in  the  years  1857  to  1859.  It  was  the  results  of  this  expe- 
dition that  Haughton  made  use  of,  in  conjunction  with  other  observations 
of  an  earlier  date,  when  he  constructed  the  first  general  map  of  the  region, 
and  clearly  displayed  the  extremely  simple  manner  in  which  its  stratified 
rocks  are  arranged  ^. 

^  0.  Heer,  Flora  fossilis  arctica,  1868, 1,  pp.  25  and  135-139. 

*  Capt  F.  L.  M'Cliniock,  Remimscences  of  Arctic  Ice  Travel  in  Search  of  Sir  J.  Franklin 
mad  his  Companions,  with  geological  Notes  and  Illustrations  by  S.  Haughton,  Journ.  Roy. 
Dub.  Soc,  1858, 1,  pp.  183-250,  pL  and  geological  map ;  by  the  same,  The  Voyage  of  the 
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All  these  islaodB  and  peninsulaB,  from  the  continent  of  America  to  Hit 
north  of  Parry  islands,  form  the  horizontally  stratified  northern  border  of 
the  great  Archaean  shield  which  we  have  just  studied  in  the  north  of  the 
continent :  the  several  sedimentaty  formations  of  this  border  are  so  arranged 
that  they  strike  to  the  east  or  north-east,  and  become  prDgreasively  mon 
recent  as  they  are  traced  towards  the  pole '. 

The  Archaean  rocks,  which  form  cape  Barrow  and  the  adjacent  ialaudg 


i-A^: 


-^•mstK-m^i 


'-i^sm- 


ie  Norlh  America  (after  Maclare,  Hnughton,  and  others). 
1  Archftean  and  grwite  ;  i  Silurian  ;  cu  Devonian  (?)  and  ba«Bl  Carbonifvroua;  i 


in  Coronation  gulf,  are  also  met  with  at  the  mouth  of  the  Great  Fish 
river;  Bae  observed  them  on  Melville  peninsula,  and  their  northern  margin 
passing  through  Eclipse  soimd  reaches  the  shore  of  Baffin  bay  near  cape 

Fox  in  the  Arctic  Seas— A  Narretive  of  the  Discovery  of  the  Fate  of  Sir  J.  Franklin 
.  and  hia  Companions,  8vo,  1859;  Append.  No.  IV,  Geological  Acconnt  of  the  Arctic 
Archipelago,  by  S.  Haughton,  pp.  372-399,  and  geological  map;  general  deacriptioni 
also  in  0.  Heer,  Flora  fossiliB  arctica,  I,  4to.  1868,  map ;  C.  E.  de  Bance,  Arctic  Geology, 
Nature,  1875,  p.  448,  geological  sketch-niap.  The  most  important  works  are  cited  bj 
B,  Jones,  Manual  of  the  Natural  Hiatory,  Geology  and  Physics  of  Greenland  and  the 
neighbouring  regions,  8vo,  18T5,  London. 

'  A  new  map  of  the  Arctic  regions  by  6.  M.  Dawson  appeared  in  1883,  too  late  to  be 
made  use  of  here.  It  does  not  render  necessary  any  important  alteration  of  our  general 
description,  but  eitenda  the  Silurian,  for  example,  over  Wollaaton  land  and  Victoria 
Loud ;  G.  H.  Dawson,  Notes  to  accompany  a  Geological  Map  of  the  Northern  Portion  of 
the  Dominion  of  Canada,  Geol.  Surv.  Canada,  1887  (Annual  Report  for  1886),  R,  62  pp. 
and  map. 
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Walter  Bathurst.  To  the  north  of  this  cape,  the  eastern  part  of  North 
Devon  as  far  as  cape  Warrender  consists  of  the  same  rocks. 

In  these  regions,  especially  near  cape  Walter  Bathurst,  as  well  as  in 
Wolstenholme  sound  on  the  east  side  of  Baffin  bay,  the  ancient  rocks  are 
overlaid  by  red  sandstone,  which  is,  perhaps,  the  same  sandstone  as  that 
visible  towards  the  west,  in  North  Somerset,  as  the  base  or  lowest  member 
of  the  Silurian  deposits. 

The  Archaean  region  is  followed  by  a  broad  girdle  of  Silurian,  which, 
in  continuation  of  the  broad  Palaeozoic  region  already  mentioned  as  Ijmig 
between  cape  Krusenstem  and  the  mouth  of  the  Mackenzie,  extends  from 
Coronation  gulf  to  Baffin  bay.  This  zone  consists  of  alternating  beds  of 
limestone  and  argillaceous  sediments:  their  horizontal  stratification  gives 
to  the  cliffs  that  resemblance  to  fortifications  so  often  mentioned  by  Arctic 
explorers. 

With  regard  to  WoUaston  Land  and  Victoria  Land  I  possess  no  informa- 
tion. The  Silurian  zone  is  known  in  the  southern  part  of  Banks'  Land, 
and  it  forms  the  northern  half  of  Prince  Albert  Land ;  it  includes  Prince 
of  Wales  Land,  the  little  islands  in  Barrow  strait,  the  greater  part  of 
Comwallis  island  and  of  North  Devon  up  to  Jones  sound,  then  both  shores 
of  Lancaster  sound  and  of  Prince  Regent  inlet,  North  Somerset,  and  to  the 
south  the  greater  part  of  Boothia  with  the  magnetic  pole,  and  King  William 
Land  ^. 

In  Peel  sound  the  Archaean  or  more  recent  granitic  rocks  are  visible  on 
the  coast  beneath  the  Silurian :  cape  M'Clure  on  Prince  of  Wales  Land  is 
described  as  eruptive  syenite. 

It  is  very  remarkable,  considering  the  great  development  of  Devonian 
sediments  in  the  valley  of  the  Mackenzie,  that  only  isolated  traces  of 
a  Devonian  zone  have  been  met  with  in  the  Arctic  archipelago,  as,  for 
instance,  on  the  Princess  Royal  islands  and  Byam  Martin. 

The  next  zone  is  formed  mainly  of  sandstone,  and  in  some  localities 
contains  coal  beds.  Heer,  judging  by  the  position  of  the  beds  and  the 
plant  remains,  assigns  it  to  the  lower  Carboniferous  and  the  Ursa  stage  ^ 
It  forms  the  north  half  of  Banks'  Land,  the  south  half  of  Eglinton,  Melville 
island  with  the  exception  of  the  two  northern  peninsulas,  Byam  Martin, 
next  Bathurst,  with  the  exception  of  the  three  northern  peninsulas,  and  is 
then,  perhaps,  continued  across  North  Devon  to  the  small  islands  which  lie 
to  the  east. 

This  coal-bearing  zone  is  followed  in  normal  superposition  by  a  richly 
fossiliferous  zone  of  marine  Carboniferous  limestone.     It  comprises  Prince 

^  The  most  important  source  of  information  previous  to  M*Clintock  on  the  Silurian 
fauna  of  this  zone  is  J.  W.  Salter,  On  Arctic  Silurian  Fossils ;  Quart.  Joum.  Geol.  Soc, 
1858,  IX,  pp.  312-317,  pi. 

^  Heer,  Flora  fossilis  arctica,  I,  p.  19,  et  passim. 
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Patrick  island,  the  northern  part  of  Eglinton,  all  the  northern  promontories 
of  Melville  and  Bathurst,  the  little  islands  of  Penny  strait  and  Orinnell 
Landi. 

The  Carboniferous  limestone  is  the  northernmost  zone ;  but  in  the  east 
of  Prince  Patrick  island,  on  the  north-west  coast  of  Bathorst  and  on 
several  little  islands  north  of  Grinnell  Land,  small  patches  of  later 
deposits  rest  upon  it,  and  indicate  a  Mesozoic  zone  lying  beneath  the 
Arctic  Ocean.  The  fossils  consist  of  the  remains  of  Saurians,  AmmonitRS, 
and  a  few  bivalves.  Neumayr  has  compared  the  remains  of  Anunonites 
from  Wilkie  point,  Prince  Patrick  island  (lat.  76^  20'  N.),  with  species  of 
the  middle  Jurassic  \ 

Since  the  parallel  zones  just  enumerated  strike  east-north-east  or 
north-east,  the  question  arises  whether  they  do  not  reappear  on  the 
western  shores  of  Smith  sound  or  of  Kennedy  channel.  The  stmctnrd 
of  these  coasts,  as  represented  by  Feilden  and  de  Ranee,  certainly  shows 
that  here  also  Archaean,  Silurian,  and  Carboniferous  rocks  are  present,  and 
that  here  too  a  north-easterly  strike  predominates,  but  the  beds  are 
upturned  and  folded,  and  we  thus  enter  a  region  of  fundamentally  different 
structure  ^ 

We  will  only  cast  a  hasty  glance  over  these  regions. 

The  Archaean  rocks  of  Ponds  inlet,  cape  Walter  Bathurst,  and  eastern 
North  Devon  form  towards  the  north  the  whole  of  the  lofty  coast  of 
Ellesmere  Land,  and  near  cape  Isabella  they  cross  over  to  the  east  side 
of  Smith  channel,  where  they  are  covered  by  leaf-bearing  Tertiary  beds  in 
the  vicinity  of  port  Foulke. 

Silurian  deposits  reach  the  coast  with  a  north-east  strike,  and  oocapy 
almost  the  whole  area  lying  between  lat.  79''  and  80"*  N.  On  Bache  island 
they  lie  fairly  flat  on  the  syenite  and  granite  foundation,  but  in  Norman 
Lockyer  island  in  lat.  79""  25'  N.  the  dip  becomes  steeper,  and  further  on  an 
anticlinal  is  formed.  This  Silurian  zone,  which  terminates  on  the  west 
side  of  Smith  sound  in  Scoresby  bay,  is  continued  with  the  same  strike 
obliquely  across  this  arm  of  the  sea,  and  on  its  east  side  forms  in  all 
probability  a  great  part  of  the  floor  of  the  Humboldt  glacier  and  of 
Washington  Land.  It  also  embraces  Petermann  fjord,  Polaris  bay,  and 
the  interior  of  Hall's  Land  as  far  as  Newman  bay. 

North  of  the  Silurian  region  follow  strongly  folded  ancient  rocks,  mica 

^  The  Grinnell  Land  of  certain  travellers,  separated  from  North  Devon  only  by  Arthur 
straits,  and  not  to  be  confounded  with  Grinnell  Land  in  lat.  80"*  N.  on  the  Kennedy 
channel. 

*  M.  Neumayr,  Die  geographische  Verbreitung  der  Juraformation ;  Denkschr.  k.  Akad» 
Wissensch.  Wien,  1885,  L,  pp.  94  and  141. 

'  Gapt  H.  W.  Feilden  and  G.  E,  de  Ranee,  Greology  of  the  Goasts  of  the  Arctic  Lands 
▼isited  by  the  late  British  Expedition  under  Gapt.  Sir  G.  Nares;  Palaeontology  by 
R.  Etheridge ;  Quart.  Joum.  Geol.  Soc.,  1878,  XXXIV,  pp.  556-689,  map  and  pi. 
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schists  and  quartzite,  known  as  the  '  Rawson  beds/  They  strike  north- 
north-east  and  form  the  west  shore  of  Scoresby  bay  up  to  cape  Creswell  in 
lat.  82''40^N.  On  the  other  side  of  Robeson  channel  they  form  all  the 
land  north  of  Polaris  bay  and  Newman  bay. 

Far  to  the  north,  beyond  the  Rawson  beds,  some  Devonian  appears  in 
Dana  bay;  on  the  north  side  of  Grinnell  Land,  on  Feilden  and  Parry 
peninsula  up  to  Clements  Markham's  inlet,  Carboniferous  limestone  is 
met  with,  precisely  in  the  line  of  strike  of  the  Carboniferous  limestone  of 
the  Parry  islanda  Beneath  the  Carboniferous  limestone  and  beyond  it,  up 
to  the  farthest  point  hitiherto  reached,  stretch  the  rocks  of  the  Rawson 
beds. — 

The  results  of  the  preceding  observations  may  be  summed  up  in  the 
following  sketch. 

The  Canadian  shield,  that  abraded  Archaean  surface  which  bears  the 
shallow  waters  of  Hudson  bay,  is  surrounded  by  a  ring  of  flat-lying 
Palaeozoic  beds ;  in  a  few  places  this  ring  has  been  entirely  destroyed  by 
denudation,  as  in  the  south-east  towards  the  lower  course  of  the  Saint 
Lawrence,  but  elsewhere  it  is  continuous  and  often  of  great  breadth.  On 
the  west  the  Devonian  contributes  to  its  formation,  though  the  Silurian 
has  not  yet  been  observed  at  its  base.  The  margin  of  the  shield  on  the 
south  and  west  is  accompanied  by  a  long  series  of  great  lakes.  Lake 
Huron  with  its  northern  bays,  lakes  Superior,  Winnipeg,  Athabasca,  the 
Great  Slave  lake,  lake  La  Martre  and  the  Great  Bear  lake  are  situated  in 
such  a  numner  that  a  ku^ger  or  smaller  part  of  each  lies  within  the 
Archaean  shield,  the  remaining  part  within  the  Palaeozoic  border.  The 
boundary  then  reaches  Coronation  gulf,  probably  follows  Simpson  straits, 
and  runs  through  Melville  peninsula,  but  has  not  been  determined  farther 
to  the  south.  The  Palaeozoic  border  is  known  in  Blast  Melville,  on  the 
Nettilling,  and  at  the  upper  end  of  Frobisher  bay.  It  is  not  known  to  be 
continued  into  Hudson  strait.  We  find  it  again  at  Anticosti  and  in 
patches  on  the  very  severely  denuded  region  of  the  Saguenay. 

In  the  Arctic  archipelago  the  border  is  formed  of  zones  of  Palaeozoic 
rocks,  following  one  another  in  regular  order  and  overlaid  towards  the 
north  by  patches  of  Mesozoic  deposits.  Towards  the  west,  where  it  consists 
chiefly  or  exclusively  of  Devonian,  the  border  sinks  beneath  the  Cretaceous 
beds  of  the  prairies.  Towards  the  south  it  passes  into  the  folding  of  the 
Cincinnati  uplift  and  the  folds  of  the  Appalachians.  To  the  south-east 
it  is  bounded  by  the  St.  Lawrence^  and  the  folded  mountains  of  New 
Brunswick  and  Newfoundland.  To  the  east  and  north-east  an  independent 
gneiss  range  forms  a  boundary  along  the  coast  and  runs  from  the  strait 
of  Belle  Isle,  on  the  coast  of  Labrador,  to  Hudson  strait  and  Resolution 
island.  Another  independent  lofty  gneiss  range,  perhaps  a  continuation  of 
that  just  mentioned,  runs  along  the  coast  of  Cumberland,  is  interrupted  at 
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Home  bay,  and  extends  thence  to  cape  Walter  Bathurst.  From  there  loffy 
gneiss  or  granite  mountains  stretch  through  the  east  part  of  North  Devoo 
and  along  the  coast  of  EUesmere  Land  to  cape  Sabine  in  Smith  sound. 

The  numerous  inlets,  bays,  and  sounds  of  the  Arctic  archipelago  lie  on 
the  flat-bedded  Palaeozoic  border,  and  the  north  coast  of  the  mainland 
probably  coincides  for  a  long  distance  with  the  north  edge  of  the  shield 

2.  The  Baltk  shield.  The  fundamental  features  of  the  part  of  North 
America  just  discussed  are  repeated  in  a  remarkable  manner  in  a  part  of 
northern  Eurasia.  Lapland  and  Finland  are  formed,  like  the  CanadiM 
shield,  of  Archaean  rocks,  which  were  already  folded  before  the  Cambrian 
period :  like  it,  they  are  surrounded  by  a  curvilinear  border  of  flatly  bedded 
Palaeozoic  sediments,  owing  their  exposure  chiefly  to  later  erosion  by  ice, 
and  finally,  like  it,  they  are  covered  by  a  vast  labyrinth  of  small  sheets  d 
water,  which  are  united  by  a  maze  of  streams.  In  both  cases  a  nmnber 
of  great  bays  and  inland  seas  lie  on  the  boundary  region  between  the 
Archaean  and  Palaeozoic  rocks;  the  limit  of  the  Palaeozoic  girdle  ruDS 
from  the  coast  of  Sweden  near  Oeland  acrass  the  Baltic  north  of  Gothland 
and  north  of  Dago,  through  the  gulf  of  Finland,  quite  close  to  its  sonthera 
shore,  then  through  lake  Ladoga,  also  close  to  its  southern  shore,  then,  with 
a  somewhat  more  oblique  direction  to  the  north,  through  the  south  part  of 
lake  Onega ;  it  reaches  the  sea  not  far  from  the  town  of  Onega,  probably 
crosses  the  peninsula  which  runs  out  to  the  north,  and  the  "  gulf  of 
Archangel,  and  then  extends  beneath  the  sea  up  to  cape  Voronov. 

Thus  the  Baltic  sea,  like  Hudson  bay,  i-epresents  a  partial  submergence 
of  the  abraded  Archaean  platform,  though  in  this  case  the  submergence  is 
less  extensive ;  the  gulf  of  Finland,  lakes  Ladoga  and  Onega,  and  the  bays 
of  the  White  sea  occupy  a  position  similar  to  that  of  lakes  Superior, 
Winnipeg,  and  the  other  oft-cited  lakes  of  the  American  festoon,  together 
with  Coronation  gulf  and  its  continuations.  To  all  these  we  may  apply 
the  observation,  made  long  ago  by  RicharcLson  with  regard  to  the  American 
lakes,  that  in  each  case  \vithout  exception  one  part  of  the  shore  is  Archaean, 
another  part  Palaeozoic,  and  that  the  lakes  lying  to  the  south  of  the 
boundary,  on  the  Palaeozoic  region  itself,  such  as  lake  Peipus,  lake  IlmeD 
and  others,  correspond  to  Winnipegosis  and  its  companions. 

The  Palaeozoic  girdle  is  distinguished  in  its  western  part  and  even 
south  of  the  gulf  of  Finland  by  the  fact  that  the  several  members  of  the 
Cambrian  and  Silurian  systems  rest  upon  one  another  in  regular  succession, 
so  that  as  the  distance  increases  the  deposits  become  continually  more 
recent ;  but  further  to  the  north-east  the  red  Devonian  sandstone,  coming 
from  the  south  and  east,  encroaches  more  and  more  on  the  parallel  Silurian 
zones,  covering  them  out  of  sight  one  after  the  other,  so  that  on  the  south 
shore  of  lake  Ladoga  none  but  their  inner,  that  is  older,  members  remain 
visible  between  the  Devonian  sandstone  and  the  Archaean  rocks,  till  finally 


CH.n]  THE  BALTIC  SHIELD  45 

this  sandstone  comes  directly  in  contact  with  the  Archaean  region,  and  on 
the  coast  of  the  North  sea  neither  Cambrian  nor  Silurian  beds  are  to  be 
seen,  but  only  Archaean  rocks  and  the  red  sandstone. 

This  transgression  of  the  Devonian  sandstone  has  long  been  known : 
Murchison  ^  has  given  a  clear  account  of  it ;  and  since  I  shall  have  to  refer 
to  it  later,  the  following  details  may  be  introduced  here. 

On  the  long  island  of  Odavd  the  strike,  according  to  Dames,  follows 
approximately  the  direction  of  the  island  itself,  which  is  elongated  to  the 
north-north-east,  so  that  the  Cambrian  beds  lie  on  its  west  side,  and  to 
the  east  of  these  the  lower  Silurian  stages  succeed  each  other  in  regular 
order 2.  OotJdand  belongs  wholly  to  the  upper  Silurian;  the  various 
subdivisions  of  this  system  follow  one  another  in  ascending  order  towards 
the  south-east,  and,  as  shown  on  the  map  drawn  up  by  F.  Schmidt,  their 
boundaries  run  obliquely  across  the  island  to  the  north-east  \ 

The  detailed  descriptions  of  Grewingk  and  F.  Schmidt  show  that  the 
strike,  directed  in  Oeland  to  the  north-north-east  and  in  Gothland  to  the 
north-east,  is  bent  round  beneath  the  sea  so  completely  that  in  Dago,  Oesel, 
and  Esthonia  it  runs  from  west  to  east  parallel  to  the  south  shore  of  the 
gulf  of  Finland.  The  Cambrian  deposits  follow  this  coast,  to  the  south 
they  are  succeeded  by  beds  of  lower  Silurian,  as  in  Oeland;  Dago  and 
Oesel  are  formed  of  upper  Silurian,  as  is  Gothland,  and  the  highest  Silurian 
beds  are  exposed  in  the  south  part  of  Oesel.  The  red  Devonian  sandstone 
forms  the  shores  of  the  gulf  of  Riga,  and  at  the  north-east  comer  of  this 
gulf,  near  the  bay  of  Peman,  it  overlies  the  upper  Silurian ;  the  highest 
member  of  the  upper  Silurian,  however,  which  is  visible  in  the  south  of 
Oesel,  seems  to  have  already  disappeared,  and  the  red  sandstone  now 
advances  further  and  further  to  the  north,  concealing  the  Silurian,  so 
that  betwecA  Saint  Petersburg  and  Gatschina  only  the  Cambrian  and 
a  narrow  band  of  lower  Silurian  beds  are  to  be  seen;  at  the  entrance  of 
the  Sjas  into  lake  Ladoga  a  Cambrian  zone  alone  is  visible  beneath  the  red 
sandstone,  and  soon  nothing  but  Archaean  rocks  and  red  sandstone  form 
the  surface  of  the  ground  *. 

^  R.  I.  Murchison,  E.  de  Verneuil,  and  A.  von  Kajserling,  The  Geology  of  Russia  in 
Europe  and  the  Ural  Mountains,  4to,  1845,  I,  pp.  41-49. 

'  W.  Dames,  Geologische  Reisenotizen  aus  Schweden;  Zeitsch.  deutsch.  geol.  Geselisch., 
1881,  XXXIII,  pp.  415-438. 

'  F.  Schmidt,  Beitr&ge  zur  Geologic  der  Insel  Gotland ;  Arch.  Naturk.  Liv-,  Esth-  und 
Eurlands,  Dorpot,  1859,  1.  Sen,  Bd.  II,  pp.  403-464,  map. 

*  C.  Grewingk,  Erl&uterung  zur  zweiten  Ausgabe  der  geognostischen  Karte  Liv-,  Esth- 
und  Kurlandt,  8vo,  Dorpat,  1879  (with  map  in  FoL);  also  in  Arch.  Naturk.  Dorpat, 
1.  Ser.,  Bd.  VIII ;  F.  Schmidt,  Revision  des  ostbaltischen  silurischen  Trilobiten  nebsfc 
geognostischer  Uebersicht  des  ostbaltischen  Siluigebietes,  M^m.  Acad.  Imp.  Sci. 
Saint-P^tersb.,  1881,  7«  s^r.,  XXX,  pp.  55  et  seq. ;  and  hj  the  same,  On  the  Silurian  (and 
Cambrian)  Strata  of  the  Baltic  Provinces  of  Russia,  Quart.  Joum.  Geol.  Soc.,  1882, 
XXXVIII,  pp.  514-535,  map,  pi.  xxiii. 
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In  this  region  there  are  certainly  some  slight  undulations  in  the 
Silurian,  but  the  most  marked  of  these  appear  to  be  nothing  more  than 
those  accessory  disturbances  of  dragging  out  or  shattering,  whidh 
accompany  faults:  generally  speaking,  the  bedding  of  the  Palaeoioie 
sediments  is  everywhere  very  flat.  In  striking  contrast  to  this,  tiie 
Archaean  rocks  are  folded,  and  strike,  as  Inostranzeff  has  shown,  along 
the  great  inland  seas  to  the  south-east,  i.  e.  across  the  course  of  the 
Palaeozoic  girdle;  their  strike  determines  the  trend  of  the  peninsulas 
in  the  north  part  of  lake  Onega  ^ 

On  the  south  and  south-east  shore  of  this  lake  the  predominant  rode 
is  the  red  sandstone,  which  as  we  have  already  seen  occupies  the  easton 
part  of  the  gulf  of  Onega.  On  the  little  island  of  Ea-Ostrof,  a  few  mike 
north  of  the  town  of  Onega,  Murchison  observed  granitic  gneiss  with 
vertical  foliation^. 

Let  us  now  turn  our  attention  to  the  south  of  the  Scandinavian 
peninsula. 

A  glance  at  the  map  might  naturally  lead  us  to  suppose  that  Scania 
stands  in  an  independent  position.  If  the  slightly  curved  coast  of  Bohos 
and  Halland  were  directly  joined  to  that  of  Blekinge,  the  south  coast  of 
Scandinavia  would  present  a  much  more  regular  outline,  and  Scania  seems 
to  be  added  on  as  an  appendage.  Closer  examination  confirms  this  view. 
Scania  is  formed  of  fragments  of  a  great  plateau,  broken  up  by  fraeturea 
It  presents  us  with  Mesozoic  sediments  which  are  elsewhere  unknown  in 
Scandinavia,  although  they  once  probably  possessed  a  much  wider 
extension  towards  the  north.  Apart  from  pre-Silurian  and  Silurian 
rocks  we  meet  with  red  clay,  usually  assigned  to  the  Keuper,  then  coal- 
beax^ng  sediments  belonging  to  the  Rhaetic  and  Lias,  the  latter  with 
marine  beds,  and  finally  the  middle  and  upper  Cretaceous.  In  one 
locality  the  coal-bearing  series  abuts  against  the  gneiss,  in  another  against 
the  Silurian ;  the  Cretaceous  rests  sometimes  on  the  Lias,  sometimes  abuts 
against  the  Silurian,  at  others  overlies  the  gneiss,  and  as  E.  Erdmann  has 
shown  the  whole  region  is  traversed  by  great  longitudinal  fractures  which 
run  from  north-west  to  south-east;  along  these  the  whole  country  has 
been  let  down  iiTegularly,  with  the  formation  of  troughs  and  horsta 
The  investigations  of  Nathorst  have  shown  further  that  this  subsidence 
has  taken  place  at  different  times,  and  that  it  is  possible  to  classify  the 
fractures  according  to  their  age  \ 

'  A.  A.  Inostranzeff,  Carte  geologique  de  la  partie  sept^ntrionale  da  Gh)avenieineiit 
Olonetz ;  Mat^r.  G^ol.  Russ.,  1877,  VII,  pi.  ii  et  passim. 

'  Murchison,  The  Geology  of  Russia  in  Europe  and  the  Ural  Mountains,  pp.  21,  22. 

'  E.  Erdmann,  Description  de  la  formation  carbonifere  de  la  Scanie,  4to,  1878  (in  the 
publications  of  the  Royal  Swedish  Geological  Institution) ;  Herr  Erdmann  has  kindly 
furnished  me  with  more  recent  observations  on  the  fault  lines ;  G.  Nathorst,  Till  Mgan 
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We  now  recognize  Hallande  Is  with  Hollands  Vadero,  north  of  the 
Skelder  Vik  and  the  KuUen,  south  of  this  hay  as  two  horsta,  running  out 
to  the  north  west  Romele  Khnt  m  the  interior  of  the  conntiy  la  a  sinular 
horst  and  the  projection  of  the  land  to  the  south  east  between  Ystad  and 
Cimbnshamn  ib  determined  m  Uke  manner  hy  the  &actnres  which  run  to 
the  south-east  We  can  distinguish  among  these  fractures  those  which 
were  produced  after  the  Silurian  and  before  the  Keuper  from  others  which 


FiQ.  6.     Scunia,  after  O.  Nathorat. 
A  Arch»ean  ;  i  CambrisnandSilurian;  k  Keuper;  rh  Rhaetic  and  Lisa  ;  cr  Cretaeeons; 
9  Diabaae  ;  Basalt  shown  in  bUck,     Strong  line*,  definitely  aseertained  Eiult*  ;  broken  lines, 
conjectural  faults. 

were  formed  after  the  Keuper  and  before  the  Cretaceous,  and  these  from 
yet  others  which  were  formed  after  the  Cretaceous ;  and  thus  the  deposition 
of  the  Cretaceous  on  the  gneiss,  i.  e.  on  an  old  exposed  horst,  finds  an 
explanation.  Nathorst  has  shown  that  the  horst  of  the  KuUen,  for 
example,  as  well  as  ita  probable  continuation  the  StSder  Asen,  is  bounded 

om  de  Sk&nska  dulocationernas  &lder,  Geol.  FCren.  Stockh.  FOih.,  1887,  IX,  pp.  74-180, 
nutpB.  One  of  the  tiansTene  fracturea  is  clearly  figured  by  Haachecone  in  Zeitedir.  f. 
Berff-,  Hatt  a.  Salinenw.,  1875,  XXIII,  plat«  b  in  text 
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on  the  south  by  a  fracture  which  is  older  than  the  Trias,  and  on  the  noith 
by  another  which  is  younger  than  the  Cretaceous,  and  in  this  ooontcyi 
which  has  not  been  subjected  to  any  folding  since  the  Cambrian  'pesnoi, 
we  have  a  new  and  an  instructive  example  of  the  breaking  down  d 
a  table-land  accomplished  piece  by  piece  and  at  different  times.  A  few 
short  transverse  fractures,  running  to  the  north-north-east^  also  oocm; 
The  older  diabase  dykes  follow  the  master  fractures  to  the  south-east^ 
and  the  younger  basaltic  dykes  appear  to  correspond  to  the  north-north« 
east  strike  of  the  transverse  fissures. 

Bomholm  is  the  continuation  of  this  fractured  table-land  or  rather  d 
the  horst,  formed  of  gneiss  and  Palaeozoic  sediments,  which  projects  al 
Melby  Asen  and  near  Cimbrishamn.  In  the  south-west  part  of  Bomhobn 
the  subsided  coal-bearing  series  of  Scania  is  visible,  together  with  down- 
thrown  patches  of  Cretaceous  ^ 

Now  that  we  have  separated  off  Scania  and  Bomholm  let  us  cart 
a  glance  over  the  great  peninsula  of  Scandinavia. 

A  lofty  range  of  mountains  rises  in  the  west  facing  the  Atlantic 
Ocean;  to  the  east  and  south  next  the  Baltic  and  the  Skager  Back 
extends  a  broad  tract,  lying  at  a  low  level  in  the  whole  of  the  south  part  of 
the  peninsula,  and  consisting  chiefly  of  Archaean  rocks.  The  boundary 
between  the  mountains  in  the  west  and  the  Archaean  land  in  the  east  iB 
marked  by  a  great  scarp,  which  may  be  followed  from  Stavanger  in 
lat.  59°  N.  into  the  northern  part  of  the  district  of  Tromso  in  lat.  7(f  N. : 
it  describes  an  irregular  and  frequently  interrupted  line,  but  on  the  whole 
follows  the  main  direction  of  the  peninsula.  Although  the  mountainous 
region  consists  in  great  part  of  folded  ranges  which  mostly  run  out  to  the 
Atlantic  coast,  cutting  it  obliquely,  yet  much  of  the  eastern  slope  presents 
us  with  beds  which  lie  quite  flat,  and  facing  it  on  the  east  there  rise  from 
the  Archaean  region  isolated  mountain  masses,  formed  of  the  same  hori- 
zontal beds,  which  must  evidently  be  regarded  as  outliers  of  the  great 
escarpment.  Thus  the  face  of  the  escarpment  certainly  does  not  correspond 
as  a  whole  with  a  continuous  fracture ;  over  the  greater  part  of  its  course 
it  is  without  doubt  a  denudation  boundary,  and  as  Pettersen  rightly 
pointed  out,  when  describing  its  northern  part  many  years  ago,  tiie 
mountains  in  that  region  must  once  have  extended  beyond  the  escarpment 
much  further  to  the  east  than  they  do  at  present. 

The  Archaean  region  is  bounded  on  the  east  by  that  flat-bedded 
Silurian  belt  which  borders  the  peninsula  west  of  Oeland,  and  thence 
runs  as  we  have  already  seen  beneath  the  Baltic  to  the  gulf  of  Finland 

^  K.  V.  Seebach,  Beitr&ge  zur  Geologic  von  Bomholm,  Zeitsch.  deutsch.  geoL  (^es.,  1865^ 
XVII,  pp.  338-347,  pi.  viii ;  M.  Jespenen,  Bidrag  til  Bornholm's  Geotektonik,  Nat  Tida 
KjObenh.,  1867,  3.  R.,  V,  pp.  33-52,  pi.  vii ;  Nathorst,  Till  Mgan  om  de  Sk&nska  disloca- 
tionernas  &lder,  Geol.  FOren.  Stockh.  F5rh.,  1887,  IX,  pp.  116  et  aeq. 
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It  includes  the  south  of  Norway  and  most  of  Sweden.  It  rises  towards 
the  north,  where  it  is  covered  by  dense  forest ;  in  the  south  it  bears  the 
great  lakes;  everywhere  it  shows  traces  of  the  grinding  action  of  the 
ice.  It  was  formerly  covered  by  a  continuous  sheet  of  Silurian  beds, 
and  the  isolated  fragments  of  this  sheet  which  have  escaped  destruction 
doubtless  owe  their  preservation  to  subsidence.  The  most  important  of 
the  downthrown  patches  is  the  remarkable  band  of  Silurian  deposits,  more 
than  200  kilometers  long,  which  runs  from  the  east  slope  of  the  mountains 
to  the  south-south-west  across  lake  Mjosen  and  Christiania,  and  then  down 
the  west  side  of  the  fjord ;  its  middle  part  is  often  spoken  of  as  the  Silurian 
region  of  Christiania. 

This  band  has  indeed  experienced  strange  vicissitudes  Considerable 
parts  of  it  first  underwent  folding  and  subsequently  abrasion ;  then  it  was 
broken  up  into  segments  and  subsided;  later  or  perhaps  simultaneously, 
copious  injections  of  a  red  granite,  the  Drammen  granite,  welled  up  into  it ; 
then  it  was  traversed  by  more  recent  eruptive  dykes,  and  finally  cut  up  by 
a  number  of  smaller  trough  faults,  which  form  the  existing  transverse 
valleys  \ 

In  the  north,  on  lake  Mjosen,  the  folding  is  very  intense,  and  over- 
folding  also  occurs.  At  Christiania  the  folding  is  equally  intense ;  south 
and  south-west  of  Christiania  the  coasts  of  the  fjord  afford  many  well- 
known  examples  of  structural  features,  such  as  intrusions  of  more  recent 
granite  in  the  form  of  laccolites,  with  an  altered  roof  of  Silurian  limestone ; 
fractures  bringing  the  Silurian  beds  against  the  ancient  gneiss ;  and  finally 
horizontal  displacements  of  orographic  blocks.  On  this  coast  also,  to  the 
south-west,  are  found  the  admirable  examples  of  small  trough  faults 
which  have  been  described  by  Ejerulf.  Brogger  has  given  an  extremely 
in^ructive  account,  describing  in  detail  the  movements  of  the  mass  and 
the  history  of  its  injection  *. 

Still  further  to  the  south,  between  Skien  and  Langesund,  folding  has 

^  T.  Kjerulf,  Dislokationerne  i  Kristiania  dalen ;  Nyt  Mag.  Naturvid.  Christiania,  1883, 
XXVIII,  pp.  79-88  and  171-197,  and  in  many  other  publicationB. 

'  W.  C.  BrOgger,  Die  silurischen  Etagen  2  und  3  im  Kristianiagebiet  und  auf  Egger, 
Universit&ts-Programm  fQr  das  2.  Semester  1882, 8vo,  Kristiania,  1882 ;  and  in  particular 
bj  the  same,  Ueber  die  Bildungsgeschichte  des  Kristiania  Qords,  Nyt  Mag.  Naturvid., 
1886,  XXX,  pp.  96-244,  map ;  further,  Om  Kristiania  Qordens  Dannelse,  Naturen,  1886, 
no.  7,  8  ;  also  A.  Penck,  Ueber  einige  Kontaktgesteine  des  Kristiania-Silurbeckens,  Njt 
Mag.  Naturvid.,  1881,  XXV,  pp.  62-82 ;  E.  Reyer,  Vier  Ausfltige  in  die  Eruptivmassen  bei 
Christiania,  Jahrb.  k.-k.  geol.  Reichsanst.,  1880,  XXX,  pp.  27-42,  &c.  I  have  myself  had 
an  opportunity  of  visiting  with  Herr  L.  Burgerstein  some  of  the  most  characteristic 
points  of  contact  of  the  Drammen  granite  with  the  Silurian  deposits,  of  collecting  at  the 
zone  of  contact  fragments  of  Halysites  converted  into  Vesuvian,  and  of  convincing 
myself  as  to  the  correctness  of  Kjerulfs  description  of  the  Drammen  granite.  BrOgger^s 
investigatioiy  are  among  the  most  detailed  which  we  possess  on  the  formation  of  a  great 
trough. 

■OLLAS  II  E 
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disappeared.  The  narrow  strip  of  Silurian  rocks  rests  towards  the  westot 
gneiss  and  towards  the  east  it  sinks  with  a  rapidly  increasing  dip,  ihatii 
as  though  by  flexure,  beneath  a  very  extensive  mass  of  syenite.  TUi 
narrow  strip  is  also  traversed,  as  shown  by  Brogger,  by  longitudinal  and 
transverse  faults  and  by  many  intrusive  dykes ;  the  various  segments  hm 
been  let  down  to  different  depths.  Brogger  has  at  the  same  time  shovi 
that  the  subsidence  of  these  segments  and  the  ascent  of  the  empiive  roeb 
are  probably  connected  phenomena  \  Since,  however,  the  island  of  Nod 
Koster  also  belongs  to  the  Silurian,  it  is  possible  that  the  whole  coast  op 
to  the  faults  of  Scania  will  prove  to  be  a  continuation  of  the  easten 
fracture. 

To  the  east  of  the  great  downthrown  zone,  fragments  of  aneieiit 
sedimentary  masses  are  also  faulted  in ;  these  occur  on  the  south-east  aids 
of  lake  Wenem,  between  this  lake  and  lake  Wettem,  on  the  east  shore  of 
lake  Wettem,  north  of  this  lake,  and  in  other  places ;  Nathorst  is  even  of 
opinion  that  the  line  of  demarcation  between  the  gneiss  and  the  granite; 
so  sharply  defined  in  south  Sweden,  represents  a  great  pre-Silnrian  £Milt 
The  supposed  fault  would  run  from  the  neighbourhood  of  Solveeboig,  oe 
the  south  coast,  towards  the  north,  crossing  obliquely  the  soathemnxxi 
part  of  lake  Wettem,  and  touching  the  east  side  of  lake  Wenem  it  wonU 
then  proceed,  with  a  slight  deviation  towards  the  north-north-west,  up  to 
the  high  mountain  ranges.  It  would  extend  fi*om  lat.  56°  to  lat.  61*  N., 
and  the  downthrown  part  would  be  the  gneiss  forming  the  west  limk 
The  intrusions  of  hyperite,  which  make  their  appearance  in  the  gneiss  doM 
to  the  supposed  fault-line,  might  then  be  a  direct  consequence  of  tbe 
subsidence  itself^. 

*  The  view  that  great  subsidences  have  affected  this  Archaean  region  in 
ancient  times  appears  to  be  rapidly  gaining  ground  among  Scandinainiii 
geologists,  €tnd  Svedmark  has  drawn  up  a  whole  system  of  conjectunl 
lines  of  fracture  in  the  region  extending  north  of  Stockholm  as  far  as  the 
sea  of  Aland,  which  is  distinguished  by  its  extraordinary  depth  \ — 

The  mountain  region,  which  is  to  no  small  extent  a  true  table-land, 
presents  a  fundamentally  different  character. 

From  Eragero  in  the  east  to  Stavanger  in  the  west,  the  whole  soutli 
coast  of  Norway  is  formed  of  gneiss  and  granite,  and  the  same  xocks 
passing  through  Christiansand  form  all  the  country  far  into  the  interior. 
This  is  the  western  part  of  the  Archaean  region.    Above  it,  extending 

^  W.  G.  BrOgger,  Spaltenverwerfungen  in  der  Gegend  Langesund-Skien ;  Nyt  Mag. 
Natunrid.,  1884,  XXVIII,  pp.  258-419,  map. 

'  G.  Nathorst,  Ett  fbraOk  att  fSrklara  onaken  till  den  skarpa  grftnsen  mellaa  aOdn 
Sverigei  yestra  och  Ostra  urterritorium;  Greol.  FOren.  Stockh.  FOrh.,1886,  YIII,  pp.  95-101 

'  E.  Syedmark,  Orografiska  studier  inom  Roslagen ;  Geol.  FOren.  Stockh.  ForiL.  1887, 
IX,  pp.  188-210,  map. 
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from  Stavanger  to  the  north-east,  a  steep  scarp  rises  which  rons  in  and 
out  with  an  irregular  lobate  outline;  this  is  the  edge  of  the  extensive 
LangQeld  and  at  the  same  time  the  beginning  of  the  great  eastern  slope. 
The  most  striking  feature  presented  by  this  scarp  is  the  contrast  it  offers 
to  the  regions  lying  more  to  the  east  in  the  thickness  attained  by  the 
Cambrian  system,  owing  to  the  intercalation  of  great  masses  of  quartzite 
and  schists.  Tellef  Dahll  has  examined  a  part  of  it  to  the  north-east  of 
Stavanger;  he  found  that  the  escarpment  was  formed  of  approximately 
horizontal  beds  of  quartzite  and  lustrous  schists,  and  in  the  Huulberg, 
where  the  boundaries  of  the  three  southern  dioceses  of  Norway  unite, 
he  discovered  in  the  lower  part  of  this  series  a  bed  with  Dictyograptus 
flabeUiforraia  (=Dicty(m€7na  sociale) ;  the  whole  series  is  therefore  assigned 
to  the  '  primordial '  stage.  On  the  Hallingskarve,  near  the  upper  end  of 
the  Hardanger  fjord,  a  recent  granite  is  found,  according  to  the  same 
observer,  overlying  this  series.  In  other  places  superimposed  masses  of 
mica  schist  and  hornblende  schist  are  described  as  piled  high  above  it  \ 

The  flat-bedded  series  of  schists  and  quartzites  is  continued  to  the 
north-east  over  a  part  of  the  Vidden,  through  Hallingdal  and  into  the 
Oudbrandsdal ;  it  forms  also  some  isolated  masses  which  face  the  east 
border  of  the  mountains.  The  quartzite  of  the  great  ranges  must  be 
regarded  as  a  higher  member  of  the  series,  but  in  this  region  also  mica 
schists,  augen-gneiss  and  hornblende  schists  are  said  to  occur  high  on  the 
summita  The  arrangement  of  the  beds,  however,  is  not  sufficiently 
known  *. 

To  the  north  of  this  region  rise  the  rugged  mountains  of  the  Jotun 
fjeld,  formed  of  gabbro.  The  sketch-map  published  by  Beusch  gives  the 
impression  that  this  series  of  great  masses  of  gabbro  marks  the  boundary 
between  the  flat-bedded  eastern  part  of  the  range  and  the  western  folded 
part^ 

The  flat-bedded  girdle  soon  changes  its  character,  and  we  reach  a  region 
which  it  is  particularly  difficult  to  describe  in  detail.  I  follow  the  data 
given  in  a  series  of  masterly  descriptions  by  Ejerulf  ^. 

On  the  side  of  the  Oudbrandsdal  the  flat-bedded  series  presents  itself 
as  an  alternation  of  schists  and  blue  quartzites ;  hitherto  they  have  rested 
on  the  Archaean  rocks ;  now  a  mighty  series  of  feldspar-bearing  sandstone, 
the  '  sparagmite '  of  Norwegian  geologists,  is  inserted  beneath  them ;  the 

^  Tellef  Dahll,  Ueber  die  Geologie  TellemarkenB,  translated  into  German  by^ 
W.  GhriBtophersen,  4to,  Ghristiania,  1860,  pp.  16-19. 

'  Kjerolf,  Die  Geologie  des  siidliclien  und  mittleren  Norwegen,  p.  184. 

'  Hans  H.  Reusch,  Die  fosnlienftihrenden  kryttallinischen  Schiefer  von  Bergen  in 
Norwegen,  German  translation  by  B.  Baldaof,  8vo,  Leipzig,  1883,  p.  5. 

*  Of  these  I  will  only  mention  Geologisk  Oversigtskart  over  det  sydlige  Norge,  fol.. 
1878,  and  T.  Kjerulf,  Die  Geologie  des  sadlichen  und  mittleren  Norwegen,  German, 
translation  by  Gnrlt,  8vo,  Bonn,  1880. 
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upper  part  of  this  series  yields  Paradoxides  and  maytherefore  be  definitely 
assigned  to  the  Cambrian  system.  In  the  lower  part  of  the  spangmite 
lies  the  unfossiliferous  zone  of  the  Birid  limestone.  Bat  while  the 
sparagmite  with  the  Birid  limestone  lies  beneath  the  schists  and  Mat 
quartzite,  the  richly  fossiliferous  series  of  the  lower  Silurian  lies  above 
the  stage  of  the  blue  quartzite  and,  as  it  appears,  unconformably,  so  thtt 
the  Orthoceras  limestone,  for  example,  rests  on  different  stages  of  the 
Cambrian  system.  At  lake  Mjdsen  the  lower  Silurian  is  present  ii 
considerable  thickness,  and  it  is  from  the  neighbourhood  of  this  lake  that 
the  long  strip  of  faulted-down  Silurian  branches  off  to  the  south-aonth- 
west,  and,  as  we  have  already  seen,  reaches  the  sea  by  way  of  Christiaiiiii 
thus  dividing  the  Archaean  region  into  two  parts.  The  thick  aocumulip 
tions  of  the  Cambrian,  with  which  we  have  just  become  acquainted  as  the 
blue  quartzite  and  the  sparagmite  stage,  do  not  accompany  this  band. 

On  the  Herjehogna,  a  peak  3,800  feet  in  height,  situated  in  Dabnie 
at  about  lat.  6V  30^  N.,  the  rampart  of  quartzite  crosses  the  Swedish 
frontier.  It  marks  the  eastern  edge  of  the  mountains,  but  not,  in  this  repoi^ 
the  east  boundary  of  the  sedimentary  beds  which  are  superposed  on  the 
Archaean  foundation,  for  in  front  of  it  and  emei^ging  from  beneath  its 
foot  the  continuation  of  the  Norwegian  sparagmite,  here  called  the  Dda- 
sandstone,  makes  its  appearance  and  extends  at  no  great  height  over 
a  great  part  of  southern  Dalame. 

For  a  knowledge  of  these  regions  and  of  those  extending  to  the  north 
through  Herje&dalen  and  Jemtland  to  lat.  64''  N.,  the  works  by  Tomebohm 
published  in  1878  are  the  chief  source  of  information,  and  it  is  the  resultB 
obtained  by  this  indefatigable  observer  which  will  now  be  my  guide  \ 

The  quartzite  which  forms  the  great  rampart,  here  called  the  Wemdal 
quartzite,  is  the  continuation  of  the  high- mountain  quartzite  of  Norway; 
the  rampart  bounds  the  mountainous  region.  At  its  foot,  a  little  north 
of  lat.  62""  N.,  the  sparagmite  disappears,  yet  the  rampart  does  not  reei 
directly  on  the  Archaean  rocks ;  for  close  to  its  foot  a  series  of  Silnrian 
beds  is  intercalated,  in  particular  the  Orthoceras  limestone ;  this  accom- 
panies the  quartzite  rampai*t  into  the  neighbourhood  of  Arsames  Eapell, 
in  about  lat.  62*  45'  N.,  forming  a  narrow  belt,  and  according  to  Tome- 

^  A.  E.  TOmebohm,  Ueber  die  Geognosie  der  schwediBchen  Hochgebirge;  Bifaaag 
svenska  Vet  Akad.  Handl.,  I,  no.  12,  1873,  map ;  Sver.  geol.  UndersOkn.,  ter.  C,  no.  9. 
Part  of  this  previously  appeared  in  En  geognostisk  Profil  0fver  den  Skandiuaviikft 
Fjallryggen  mellan  Osteriund  och  Levanger ;  by  the  same,  Ofvers.  K.  Vet.  Akad.  FdA^ 
1872,  and  Sver.  geol.  UndersOkn.,  ser.  G,  no.  6, 1872.  TOmebohm  has  distinguished 
in  the  high  mountain  beds  two  groups,  the  Seve  and  the  KOli;  but  subsequent 
observers  do  not  seem  to  have  considered  these  new  designations  neceasarf.  A  good 
general  geological  map  of  the  region  around  the  Stor  SjOn  is  contained  in  A.  G.Hfigboniy 
Olaciala  och  Petrografiska  Jakttagelser  i  Jemtlands  Lan;  Sver.  geol.  UndersOkn.,  ser^  C; 
no.  70,  4to,  1885. 
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bohm  underlying  the  quartzite.  From  this  point  the  rampart  recedes 
very  far  towards  the  north-west,  only  advancing  again  in  the  north, 
and  it  thus  forms  an  irregular  arc  within  which  the  Silurian  beds  are 
distributed  with  horizontal  bedding.  On  these  tabular  masses  of  Silurian 
lies  the  great  lake  of  Stor  Sj5n.  Towards  the  east  these  masses  rest  on 
the  Archaean  rocks,  which  here,  however,  attain  a  greater  elevation  than 
in  the  south,  and  even  rise  higher  than  the  Silurian  table-lands. 

We  now  scale  the  quartzite  rampart  and  reach  the  mountainous  region, 
on  which  several  summits  attain  a  height  of  5,000  to  6,000  feet ;  a  con<^ 
siderable  part  lies  above  the  limit  of  forest  growth,  i.e.  over  2,800  feet. 
Here  a  lower  group  may  be  distinguished,  consisting  of  quartzite  and 
mighty  masses  of  crystalline  schists,  namely  mica  schists,  hornblende 
schists,  and  even  gneiss;  and  an  upper  group  which  comprises  semi-crystal- 
line clay  slates  and  likewise  hornblende  schists.  Strange  though  it  may 
seem  to  encounter  gneiss  and  hornblende  schists  high  above  the  Silurian 
in  normal  superposition,  yet  we  must  remember  that  a  precisely  similar 
phenomenon  has  been  observed  by  Norwegian  investigators  in  the  south 
part  of  the  great  mountain  border.  In  short,  the  succession  of  rocks  aa 
given  by  Tomebohm  is  as  follows :  older  granite  (Archaean) ;  on  this, 
Dala-sandstone  (sparagmite,  only  in  the  south);  Silurian  in  the  north- 
east up  to  the  horizon  of  the  Pentamerus  limestone ;  then  Wemdal 
quartzite,  which  forms  the  great  rampart  above  the  Silurian,  and  above 
this  another  mighty  series  of  highly  crystalline  schists. 

The  conclusions  arrived  at  by  Tomebohm  have  been  disputed. 
Svenonius,  as  the  result  of  a  series  of  detailed  surveys,  considers  that 
the  narrow  belt  of  Silurian  deposits  at  the  foot  of  the  quartzite  rampart, 
and  with  it  the  expanse  of  Silurian  about  Stor  Sjon,  do  not  really  underlie 
the  quartzite ;  the  quartzite  is  certainly  traversed  by  several  folds,  while 
the  Silurian  shows  absolutely  no  signs  of  folding;  thus  the  quartzite 
rampart  represents  a  Silurian  shore,  and  the  Silurian  was  deposited 
against  it,  as  well  as  in  the  pre-Silurian  valleys  ^ 

This  view,  however,  which  accords  so  well  with  the  older  conceptions 
of  the  great  antiquity  of  the  crystalline  schists,  was  destined  soon  to 
undergo  great  modification,  chiefly  owing  to  the  continued  labours  of  the 
same  conscientious  investigator.  The  most  important  of  the  fresh  obser- 
vations was  the  discovery  of  Silurian  fossils  at  many  localities  within  the 
great  ranges  themselves.    The  untiring  zeal  of  Scandinavian  geologists 

^  F.  Svenonius,  Till  Fr&gan  om  FOrh&llandet  mellan  '  Wemsdars-Quartsiten '  och 
siluriska  Fonnationen  inom  sddra  Delen  af  J&mtlands  L&n ;  Sver.  geol.  UndersOkn.,  ser.  C, 
no.  49,  8vo ;  also  ^ers.  K.  Vet.  Akad.  FOrh.,  1881,  no.  10.  HOgbom  has  since  shown 
that  parts  of  the  east  border  of  the  Silurian  region  are  faulted  down  into  the  Archaean 
foundation.  By  the  same,  Om  fOrkastnings-hreccior  vid  den  J&mtlandska  Silurforma> 
tionens  Ostra  gr&ns ;  Geol.  FOren.  Stockh.  Fdrh.,  1886,  VIII,  p.  352. 
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will  certainly  succeed  in  dissipating  at  last  the  doubts  which  at  present 
exist  as  to  the  relation  between  the  Silurian  table-lands  of  the  Stor  SjoD 
and  the  high  mountain  ranges.  Let  us  now  turn  our  attention  to  the 
north  while  continuing  to  follow  the  eastern  boundary  of  the  monntains. 

A  little  way  to  the  north,  very  nearly  in  lat.  64**  SC  N.,  where  the 
Sjougdelv,  coming  from  the  west,  flows  into  the  Tasjon,  Svenonins  met 
with  fossiliferous  Cambrian  deposits.  These  are  folded  with  the  qnaitote 
and  lie  in  a  synclinal  of  this  rock  ^.  In  the  northern  part  of  Jemtland  and 
in  Westerbotten,  a  new  element  now  makes  its  appearance  in  the  moontain 
border,  namely,  a  very  long  series  of  large  and  small  masses  of  olivine 
rock  and  serpentine,  which  are  intercalated  like  sills  with  the  schists  d 
the  high  mountaina 

East  of  Grong,  in  the  midst  of  the  Norwegian  mountains,  in  lat.  64^  N^ 
Hauan  met  with  a  great  mass  of  anorthite  olivine  rock  \  the  beginning; 
apparently,  of  an  extremely  long  band,  which  follows  the  general  strike 
of  the  mountains  from  here  towards  the  north-north-east,  crosses  the 
Swedish  frontier,  and  becomes  visible  on  the  east  slope.  Many  isolated 
exposures  had  been  known  from  comparatively  early  times;  Svenonins 
has  shown  their  continuity.  The  largest  masses  are  the  BodfjaUet  on  the 
Stor  Bl&sjon  near  the  headwaters  of  the  Sjougdelv,  mentioned  above,  and 
the  mountains  of  Graipies  and  Oma,  which  lie  in  close  proximity  to  one 
another  north  of  Fatmomak  (lat  65""  N.).  The  series  is  continued  much 
further  still :  mountains  of  olivine  occur  even  beyond  lat.  67*  N.  to  the 
south-west,  west,  and  north-west  of  Evikkjokk. 

It  was  in  this  region  also  that  Svenonins  was  quite  recently  led  to 
assign  a  'post-Azoic'  age  to  these  mighty,  high-mountain  formations, 
owing  to  the  discovery  of  fossils,  particularly  of  a  bed  containing  Hyolithes 
in  the  Paije  Sartajaur  and  of  Encrinite  joints  in  the  high  mountains.  The 
same  observer  has  had  the  kindness  to  inform  me  that  he  has  now  found 
the  Hyolithes  beds  in  five  or  six  places  in  Norbottens  Lappmark,  bnt  not 
yet  in  Jemtland,  and,  on  the  other  hand,  he  has  met  with  fragments 
of  Crinoids  in  the  extreme  northern  part  of  Jemtland  and  at  some 
localities  in  Westerbottens  Lappmark,  in  the  calc-mica  schist  of  the  high 
mountains.  The  beds  of  Hyolithes  appear  to  underlie  the  mountains  and 
form  a  belt  along  their  eastern  boundary. 

'  Svenonini,  Om  'Seve  gruppen'  i  nordligaste  J&mthmd  och  Angermanland,  ■Hm^ 
dees  FOrh&llende  till  fosdlf^rande  Lager ;  Sver.  geol.  UndersOkn.,  ser.  C,  no.  45,  8vo,  and 
Geol.  POren.  Stockh.  FOrh.,  1881,  V,  pp.  484-497,  pi.  xx,  xxL 

'  Kjernlf,  Geologic  des  sadlichen  Norwegen,  p.  272. 

'  SvenoniuB,  Om  OliviiistenB  och  Serpentin  fOrekomster  i  Norrland,  Sver.  geol.  Under- 
80kn.,  ser.  G,  no.  56,  and  Geol.  FOren.  Stockb.  FOrh.,  1883,  VI ;  by  the  same,  Stadier  vid 
Syenska  JOklar,  Sver.  geol.  UndersOkn.,  ser.  C,  no.  61,  and  Geol.  FOren.  Stockh.  Foxb^ 
1884,  YII,  pp.  5-38,  and  Nya  olivinstens  f^rekomster  i  Norrland,  tom.  cit,  ser.C,  no.  61, 
and  Geol.  FOren.  Stockh.  FOrh.,  1885,  YII,  pp.  201-210. 
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We  now  enter  a  region  which  has  been  made  known  in  its  general  out- 
lines by  Hummel's  survey,  and  by  a  section  drawn  by  K.  Pettersen  across 
the  peninsula,  from  north-west  to  south-east,  i.e.  from  Saltdalen  to  Pite&\ 

The  peninsula  consists  here,  according  to  Pettersen,  of  the  following 
parts.  The  gulf  of  Bothnia  is  bordered  on  the  coast  by  a  narrow  belt  of 
lowland,  formed  of  gneiss  in  steeply  upturned  beds.  The  country  then 
suddenly  rises  towards  the  interior  to  a  height  of  about  1,100  feet,  and 
from  here  there  extends  a  monotonous  granitic  highland,  for  the  greater 
part  covered  by  forest  and  about  200  kilometers  broad.  It  rises  very 
slowly  on  the  west  towards  the  zone  of  the  great  lakes,  so  that  the  water- 
level  of  the  Saedva  for  example,  west  of  the  Homafvan,  lies  1,420  feet 
above  the  sea.  Towards  the  lakes  some  degree  of  variety  replaces  the 
monotony  of  the  east;  isolated  ranges  rise  some  hundreds  of  feet  above 
the  surrounding  country.  Finally,  at  the  west  end  of  the  Homafvan  and 
between  this  great  lake  and  the  Laiselv,  which  follows  on  the  south,  we 
reach  the  great  rampart,  which  still  marks  the  east  edge  of  the  mountain 
highland.  Its  highest  ridge  lies  at  a  height  of  about  2,500  feet.  It 
appears  from*  Hummel's  observations  that  the  northern  continuation  of 
the  rampart  is  crossed  by  several  of  the  great  lakes;  this  is  the  case  to 
the  east  of  Evikkjokk,  and  the  Tome&  Trask  lies  in  such  a  manner  that 
almost  its  whole  western  part  is  let  down  into  the  mountain  highland, 
while  the  larger^  eastern  part  lies  outside  it. 

Above  the  rampart,  a  little  way  to  the  south,  there  rises  the  isolated 
peak  of  Peljakaisse  (1,064  meters),  which  lies  275  kilometers  from  the 
gulf  of  Bothnia,  and  187  kilometers  from  the  Atlantic  Ocean;  and  now 
the  snowy  peaks  crowd  higher  and  higher  towards  Sulitjelma  (1,875 
meters)  and  the  far  higher  summits  in  the  north,  namely  Sarjektj&kko 
(2,128  meters)  in  Lule&,  and  Eebnekaisse  (2,156  meters)  in  Tome& 
Lappmark  \ 

The  rampart  itself  from  north  Jemtland  up  through  Lappmark  con- 
sists, so  far  as  yet  known,  of  a  mighty  series  of  strata  lying  horizontal. 
Pettersen  distinguishes  a  group  of  beds  at  the  foot  of  the  rampart,  which 

^  David  Hninmel  in  Underd&nig  Ber&ttelse  om  en  p&  n&dig  Befallning  ftr  1875 
fdretagen  UndenOkning  af  Malmfyndigheter  inom  Gellivare  och  Jukkaiy&rvi  Socknar  af 
Norrbottens  L&n,  Syer.  geol.  UndenOkn.,  4to,  1877 ;  see  also  pi.  i  in  this  memoir, 
Geologisk  OfVersigtskarta  Ofver  den  k&nda  Delen  af  Norrbottens  L&n,  and  pi.  ii, 
Oeologisk  Karta  OfVer  en  del  af  Tome  och  Lule  Lappmarker;  Karl  Pettersen,  Det 
nordlige  Sveriges  och  Norges  Greologi ;  med  et  geologisk  Profil  over  den  Skandinaviske 
HalvO  fra  Saltdalen  til  Pitedr,  in  Lie,  Mtiller  and  Sars,  Archiv.  Math.  Naturvid.  Christiania, 
1878,  III. 

'  Svenonius,  N&gra  ord  om  Svenska  Lappland,  in  the  publication  called  'Heidnin,* 
Febmary  and  March,  1885,  pp.  26-88.  The  altitudes,  as  Herr  Svenonius  informs  me, 
are  taken  from  '  Norrbottens  l&ns  Ekonomiska  Eartwerk '  and  rest  on  trustworthy 
measurements. 
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he  calls  the  Dividal  group,  after  a  valley  in  Tromso  stift,  soath  of  the 
Bals  fjord ;  it  consists  of  fine-grained  schists,  red,  green  or  grey  in  ookar, 
of  quartzite  and  quartz  schists,  and  corresponds  to  that  Eone  in  wiiidi 
Svenonius  found  Hyolithes ;  we  assign  it  to  the  Cambrian  system.  Abofe 
this  group  lies  the  group  of  the  Tromso  mica  schists,  composed  of  min 
schists  and  quartzite. 

In  order  to  discuss  the  further  continuation  of  the  rampart  beyond 
the  Tome&  Trask,  so  far  as  it  is  known,  we  must  first  consider  the  main 
features  in  the  structure  of  northern  Norway.  Pettersen's  extenuve 
investigations  and  the  geological  map  by  Tellef  Dahll  are  the  most  im- 
portant sources  of  information  ^ 

First  of  all,  it  must  be  borne  in  mind  that  the  great  chain  of  islands 
which  borders  the  mainland  on  the  west,  the  Lofoten  and  the  Westeraalen, 
is  formed  of  gneiss  and  granite,  evidently  of  very  great  a^;  and  thus 
these  islands  probably  exhibit  the  oldest  rocks  which  exist  in  the  monntain 
ranges  of  the  norths  We  shall  soon  see  that  the  Hebrides  similarly 
present  us  with  the  most  ancient  rocks  of  Scotland.  In  the  north-east 
part  of  the  northernmost  of  these  islands,  at  Ramsaa,  in  the  island  of 
Ando,  there  lies  a  small  patch  of  more  recent  sediments.  At  one  tune 
coal  mines  were  worked  here,  now  said  to  be  filled  up.  Some  slabs  of 
sandstone  filled  with  valves  of  Aucella,  to  be  seen  in  the  museum  at 
Tromso,  show  that  these  sediments  are  those  Mesozoic  deposits  of  the 
north  which  once  extended  from  Spitzbergen  to  Ando^.  This  isolated 
patch  lies  close  to  the  sea-coast,  and  although  the  data  as  to  the  lie  of  the 
beds  are  very  incomplete,  yet  the  similar  patches  in  Scotland  sho^nr  that 
we  probably  have  here  a  faulted-down  fragment,  preserved  as  the  lasl 
remains  of  a  deposit  which  formerly  extended  over  a  wide  area. 

Another  element  of  particular  importance  in  the  structure  of  the 
country  is  the  lofty  and  extremely  rugged  mountain  range,  which  strikes 
to  the  north-north-east  and  separates  the  Ljiigen  fjord  from  the  Ulfs  §opd 

^  Tellef  Dahll,  Geologisk  Kart  over  det  Nordlige  Norge,  mit  Bisiand  af  Comeliunen, 
Hjortdahl,  Lassen  eg  C.  Pettersen,  fol.,  Christiania,  1886-1879:  Petteneii*a  later 
treatises  are  contained  partly  in  the  Tromsd  Museum's  Aarshefter,  partly  in  Arch.  Math. 
Naturvid.  of  Lie,  Miiller,  and  Sars.  Pettersen  distingaishes  three  groups  of  stratified 
formations :  Dividal  group,  TromsO  mica  schist,  and  Bals  Qord  group ;  the  latter  has 
recently  been  regarded  as  older  than  the  TromsO  mica  schist ;  since  however  this  qaestioa 
is  not  of  primaiy  importance  for  the  subjects  treated  here,  I  have  not  quoted,  besides 
the  Dividal  group,  any  other  members  in  the  table-land,  or,  as  it  is  usually  called  ul 
Norway,  the  high  mountain  series;  cf.  Pettersen,  BalsQordgruppens  plads  i  dea 
geologiske  FOlger&kke,  Tromsd  Museum's  Aarshefter,  VI,  1883,  pp.  87-97.  Several  of 
the  most  important  rocks  of  these  regions  are  described  by  Philippson  in  Verh.  natmii. 
Ver.  preuss.  Rheinl.,  1883,  XL,  Sitzungsber.,  pp.  190-210. 
^  Pettersen,  Lofoten  og  Vesteraalen  :  Arch.  Math.  Naturvid.,  1881,  V,  map. 
. '  Among  the  plant  remains  of  Ando  are  two  species  of  Pinus  which  0.  Heer  has 
compared  with  those  of  Spitzbergen. 
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(m  the  west.  Its  black,  terribly  steep  peaks  rise  to  a  height  of  about 
1300  meters  above  the  sea ;  glaciers  descend  between  them ;  the  contrast 
with  the  gentler  mountains  of  the  surrounding  country  is  extremely 
striking.  The  outlines  recall,  by  their  savage  aspect,  the  tonalite  crags 
of  the  Presanella  in  Tyrol  This  range,  which  may  be  clearly  seen  on  the 
map  by  Tellef  Dahll,  consists  of  gabbro  and  serpentine,  and  resembles  to 
some  extent  the  great  'cicatrice'  of  gabbro  which  forms  the  Jotun 
mountains  in  the  south. 

Not  far  from  the  place  where  the  upper  extremities  of  the  Bals  fjord 
and  the  Lygen  fjord  approach  each  other  in  the  south,  rises  the  steep  pyra- 
mid of  the  Pig-tind,  which  is  a  part  of  the  Lyngen  range ;  a  long,  abrupt, 
but  low  ridge  of  gabbro,  which  strikes  south  of  the  Bals  fjord  obliquely 
to  the  west-south-west  through  the  great  valley  of  the  Maalselv,  may 
perhaps  be  considered  as  a  continuation  of  this  range,  bent  into  the  strike 
of  the  mountains ;  but  it  is  hard  to  say.  Even  much  further  to  the  west- 
south-west,  e.g.  at  the  foot  of  the  Istind  in  Bardo,  numerous  injections 
of  eclogite  and  gabbro  are  visible,  as  though  a  zone  of  fracture  and 
intrusion  ran  from  Am5  in  the  north  through  Lyngen,  and  then  parallel 
to  the  main  strike  across  the  valley  of  Bardo. 

The  rocks  which  appear  on  the  west  of  this  zone  towards  the  islands 
and  in  the  islands  themselves,  up  to  the  ancient  gneiss,  exhibit  many  dis- 
turbances, but  in  the  interior  of  the  Bals  fjord,  as  well  as  towards  Malanga, 
the  well-stratified  mountain  masses  assume  more  and  more  the  form  of 
broad  blocks,  sometimes  gently  incUned,  sometimes  lymg  nearly  hori- 
zontal. Violent  local  folding  is  present,  but  the  mountain  structure,  as 
a  whole,  is  not  that  of  a  folded  range. 

The  country  lying  to  the  east  of  the  zone  of  intrusions,  or  the  zone  of 
the  Lyngen  gabbro,  forms  a  continuous  zone  of  stratified  rocks  extending 
to  the  east  border  of  the  mountains,  i.e.  to  the  great  rampart.  This  is  the 
zone  of  the  high  mountains,  properly  speaking.  It  is  composed  of  clay 
slates,  quartzite,  and  a  later  mica  schist. 

The  desire  to  become  acquainted  with  one  of  the  valley  systems  which 
open  into  the  northern  fjords,  as  far  as  the  watershed,  led  me  to  visit  these 
mountains,  and  the  abundant  directions  and  explanations  with  which 
Herr  Pettersen  kindly  furnished  me,  enabled  me  in  a  short  time  to  obtain 
some  insight  into  their  peculiar  structure.  Dr.  Leo  Burgerstein  did  me 
the  favour  of  accompanying  me  ^. 

'  I  owe  particular  thanks  to  my  companion,  Dr.  Leo  Burgerstein,  who,  with  true  self- 
ncrifice,  strove  to  reduce  for  mc,  as  far  as  possible,  the  inconveniences  of  such  a  journey, 
and  thus  enabled  me  to  devote  my  whole  time  to  my  work.  Most  of  the  localities 
mentioned  here  may  be  seen  on  Pettersen's  general  map  of  the  south  part  of  TromsO 
diitrict,  in  his  Geologiske  UndersOgelser  in  den  TromsO  Amt  og  tilgrsendsende  Dele  af 
Noidlands  Amt ;  K.  Norsk.  Vid.  Selak.  Skr.,  1874,  VII,  pp.  261-444  and  pi 
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Travelling  southwards  from  the  Malangen  fjord  to  the  lake  of  TonA 
we  reached  the  plcdn  of  the  Stromsmoen  (lat.  68*  48'  N. ;  61-5  meten); 
and  here,  just  where  the  Sordal,  coming  from  the  south,  opens  into  tb 
valley  of  Bardo,  there  rose  before  us  a  marvellous  scene.  Lofty  nuxm- 
tains  of  horizontally  stratified  quartzite  surround  the  plain,  and  nmk 
a  height  of  as  much  as  2,000  feet  above  the  valley  bottom :  BorgsAdatta 
in  the  east,  Bjomefjeld  and  Storfjeld  in  the  west,  and  the  wedge-shaped 
Rubben,  which  separates  S5rdal  from  the  upper  Bardo,  in  the  Boalk 
Bound  about  the  plain  there  runs  at  a  uniform  level  from  one  monntui 
mass  to  another  a  narrow  band  of  startling  whiteness,  looking  as  thoa^ 
it  had  just  received  a  coating  of  whitewash.  This  is  a  bed  of  limestom 
which,  intercalated  with  the  dark  quartzites,  not  only  renders  obvioa 


In  the  distance  the  gabbro 
of  Lyngen 


HoUtind 


North. 


Fio.  6.     View /rem  the  Onuuvarre,  Amt%  <iffke  BaisJSari, 


the  horizontal  bedding,  but  also  shows  that  this  valley  has  been  produced 
solely  by  erosion  ^ 

From  here  we  continued  our  journey  25  kilometers  further  to  the 
south  through  the  S5rdal  to  the  frontier,  always  among  mountains 
formed  of  flat-lying  beds.  In  its  upper  course  the  stream  has  cnt  for 
itself  an  inaccessible  ravine,  and  we  now  ascend  towards  the  south-east 
the  ancient  glacier  bed  of  the  Stagenuni  (782  meters).  Here  we  find 
ourselves  standing  above  the  quartzite,  on  coarsely  foliated  mica  schistB 
of  a  dark-grey  or  pinchbeck-brown  colour.  The  great  sheet  of  water 
which  forms  the  north-west  part  of  the  Tome&  Trask  now  lies  spread 
out  before  us  in  incomparable  beauty.  On  our  right  the  opposite  ahors 
is  bordered  by  a  tongue  of  flat  woodland,  corresponding  with  the  mouth 
of  the  Nuorajoki ;  further  away  to  the  left,  the  steep  walls  of  the  moon- 

'  This  white  band  has  also  been  observed  by  Pettenen,  Notiser  vedrOreiide  den 
nordnonke  fjeldbygning ;  Geol.  FOren.  Stockh.  FOrh.,  1886,  VIII,  p.  466. 
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tain  Abesko  advance  close  to  the  water's  edge,  and  its  broad  but  noble 
forms  are  mirrored  in  the  lake.  In  the  background  there  rise  one  above 
the  other  the  white  rounded,  or  dome-like  summits  of  the  mountains  of 
Tome&  Lappland  All  the  country  visible  at  a  little  distance — the  cubical 
summits  of  the  west  side  of  the  Sordal,  such  as  Spikalomi,  and  the  equally 
high  mountains  of  the  east  side,  such  as  the  Etnamjoski  peak,  which 
belongs  to  the  great  group  of  the  Duoddarats — is  composed  throughout 
of  horizontal  beds  up  to  a  height  of  more  than  3,000  feet  above  the  sea- 
level.  We  are  thus  standing  on  a  fragment  of  true  table-land,  and 
descending  to  the  lake  we  find  its  extremity  divided  by  a  projecting  reef 
of  quartzite  with  the  bedding  equally  horizonal.  The  great  rampart  how- 
ever lies,  as  Hummel  has  shown,  still  further  to  the  east. 


Rismaalstind 


Hatteyarre 


Bj&U  Frftak 
Trom85  stift  (lat.  69*  8'  N.)  towards  the  east. 


South 


The  structure  of  the  mountain  land  lying  south  of  the  Bals  fjord  may 
be  seen  from  the  sketch  (Fig.  6),  made  from  the  broad  ridge  of  the  Omas- 
varre  (670  meters,  lat.  GQ""  8^  N.),  situated  11  kilometers  south  of  the 
end  of  this  fjord.  It  was  drawn  looking  to  the  east,  and  on  the  left, 
i.e.  towards  the  north,  a  few  of  the  peaks  of  the  Lyngen  range  are  visible. 

These  peaks  excepted,  all  the  mountains  are  well  stratified ;  the 
colouring,  the  alternation  of  schist  and  quartzite,  and  the  long  lines  of 
snow  resting  on  the  ledges,  all  combine  to  bring  out  the  lie  of  the  beds 
in  clearest  detail.  On  the  right,  not  only  the  broad  mass  of  the  Ruosta- 
fjeld  (1,672  meters),  just  outside  the  limits  of  the  sketch,  but  all  the 
mountain  land  far  to  the  south  is  formed  of  horizontal  beds.  The  first 
mountain  represented  on  the  right,  the  southernmost  member  of  the  group 
of  the  Hattevari'e,  has  the  form  of  a  regular  pyramid,  yet  it  nevertheless 
equally  consists  of  horizontal  beds.  The  beds  of  the  principal  mass  of 
the  Hattevarre  are  also  nearly  horizontal,  but  towards  the  Rismaalstind 
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inclination  sets  in  and  increases  towards  the  north ;  in  the  Rismaalstind 
itself  the  dip  is  already  very  marked,  and  in  the  Holltind  it  has 
become  so  steep  that  the  north  flank  is  formed  by  a  single  bedding  plane ; 
this  plane  plunges  into  the  Bals  fjord,  and  the  mountains  which  we  see 
farther  away  towards  the  Lyngen  range  also  form  part  of  the  side  of  the 
fiord.  There  is  nowhere  any  trace  of  folding  in  this  extensive  range.  It 
would  rather  seem  as  though  the  whole  tableland  j>lunged  in  a  drigle 
mighty  flexure  down  to  the  gabbro  of  Lyngen,  and  in  fact  Pettersen 
published  some  years  ago  a  section  taken  a  little  more  to  the  north, 
across  the  Lyngen  fjord,  in  which  the  whole  mass  of  stratified  formations 
is  represented  as  bending  in  an  arc  beneath  this  range  of  gabbro.  At  that 
time  Pettersen  even  thought  that  the  gabbro  was  intercalated  with  the 
stratified  formations,  and  shared  with  them  a  common  dip.  I  have  not 
m^^self  visited  the  mountains  in  the  immediate   neighbourhood  of  the 

gabbro  range  ^ 

At  the  foot  of  the  Ruostafjeld,  mentioned  above,  a  long  valley  opens — 
the  Dividal — which  comes  from  the  south-south-east ;  its  right  slope  may 
iH>  regarded  as  the  continuation  of  the  section  just  discussed.  It  is  after 
this  valley  that  Pettersen  has  named  the  lowest  member  of  the  high  moun- 
tain series.  Ascending  the  valley  we  met  the  Dividal  stage,  represented 
l>y  shales  which  resemble  in  every  particular  the  Cambrian  shales  of  Ginec 
ill  Bohemia.  We  found  no  fossils,  but  typical  plaited  slabs  such  as  occur 
in  the  'primordial'  deposits  of  Sweden.  We  followed  the  Dividal  for 
a  distance  of  36  kilometers,  always  with  mountains  formed  of  flat-lying 
l>ed8  on  both  sides,  and  then  turned  to  the  west  into  the  Skakterdal,  where 
it  joins  the  Dividal,  and  ascended  it  to  the  edge  of  the  table-land,  that  is,  to 
the  great  rampart.  Here  we  perceived  that  to  the  south-east  the  Archaean 
foundation,  and  with  it  the  whole  of  the  superimpased  series,  gradually  rises 
towards  Sweden.  At  the  bottom  of  the  Dividal  we  saw  the  lowest  members 
of  this  series ;  further  to  the  south  Pettersen  has  even  found  the  Archaean 
rocks  exposed  in  the  bed  of  the  Dividal  itself.  From  here  (HUtte  Frihedsli, 
187  meters)  we  were  obliged  to  ascend  through  the  Skakterdal  to  a  height 
of  724  meters  in  order  to  reach  the  junction  with  the  overlying  beds. 

Our  way  led  us  over  broad  rocky  floors,  polished  and  strewn  with 
blocks  which  looked  as  though  they  had  only  yesterday  been  abandoned 
by  the  glacier,  imtil  finally  the  table-land  terminated  in  two  great  cubical 
mountain  masses,  Store  Jerta  on  the  right,  Namna  on  the  left,  which  seem 
to  guard,  like  towers,  the  mouth  of  the  pass.  Through  this  we  step  out 
into  a  moraine  region  dotted  over  with  innumerable  pools  of  water,  the 
Tjoalma  Vagge  (lat.  68^  40'  N.). 

Looking  backwards  from  this  desolate  table-land  we  now  see  that  the 

^  Pettersen,  Profil  fra  Rigsgreendsen    over    Lyngen  til  KvalO ;    Foih.  Vid.  Selsk. 
Christiania,  1868,  pp.  155-158,  pi. 
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great  ramptot  is  here  divided  into  a  series  of  table  mountains:  Julos 
Varre,  Store  Jerta,  Namna,  Bumausbei^,  Kalbir  Varre,  and  others.  From 
the  anterior  slope  of  those  nearest  oe,  the  Store  Jerta,  Namna,  and  Bamans- 
bei^,  there  advances  with  a  particularly  steep  descent  an  intercalated  bed 
of  solid  rock,  which  enables  ua  even  from  a  distance  to  perceive  the  original 
continuity  of  all  these  several  bastions. 

Thus  the  great  rampart  is  here  broken  up  into  bastions ;  and  it  is  easy 
to  see  that  it  was  through  the  gaps  between  them,  and  in  particular 
through  that  between  Store  Jerta  and  Namna,  which  leads  down  to  the 
Skakterdal,  that  the  ice-cap  which  once  rested  on  the  table-land  thrust 
forth  its  glaciers  towards  the  Atlantic  Ocean. 

Outside  the  bastions,  on  the  barren  table-land,  below  the  moraines  of 


Fie.  7.     Tjaalyna  Viigge,  Moraine  latuiKapt  sn  llu  boundary  Mown  Kaneag  and  SiPtden 

(Ut.  iS-tVU.). 

In  the  foreground  tlie  ground-down  roelm  moubmnitt  of  the  red  Swedish  granite, 

in  tlie  distance  the  mperposad  table  mountain. 

Tjoahna  Vagge,  moutonn^ed  bosses  project  which  belong  to  the  Archaean 
fonndation.  This  is  formed  of  a  bright-red  granitic  rock,  of  distinctly 
banded  structure ;  it  strikes  to  the  north,  and  dips  at  about  80°  to  the 
east  It  is  the  source  of  those  red  blocks  which  have  been  carrie<l  out  to 
the  west  into  the  fjord ;  these  will  be  discussed  later. 

The  ancient  rocks  of  the  Lofoten  and  Westeraalen,  particularly  the 
granite,  gneiss  and  ancient  mica  schists,  frequently  accompanied  by  bosses 
of  gabbro,  are  continued  in  the  same  direction  along  the  Atlantic  coast.. 
They  occur  in  the  island  of  Amo,  form  that  part  of  the  peninsula  of 
Meiland  between  the  Rejsen  and  Kvanangen  fjord  which  is  turned  towards 
the  sea*,  as  well  as  the  whole  northern  part  of  the  great  peninsula  of 
Bei^,  which  follows  next,  then  wholly  or  in  great  part  the  islands  of 

'  PetterMn,  Evffinangen,  Tronuff  Hua.  Aanh.,  IV,  1881,  deacribes  Bergs  and 
Meilftndahalvfl,  together  with  Spildem,  Rods,  and  Hauko,  aa  onoe  continuoua  rocky 
lamput 
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Stjemo,  Seljand,  Sor5,  Kvalo,  as  well  as  the  whole  north-ipreflt  part  d 
the  Porsanger  peninsula,  together  with  Hjelmso,  and  we  meet  with  ti» 
on  Magero'  extending  up  to  the  North  cape.  The  islands,  together  witk 
the  most  projecting  parts  of  the  mainland,  thus  form  the  eantinuatiOi 
of  the  range  of  the  Lofoten.  The  greater  part  of  this  range  is  1,000  feet 
higher  than  the  regions  which  succeed  it  towards  the  interior ;  it  is  faroka 
across  by  the  fjords. 

Within  this  western  range  of  gneiss  lies  the  table-land,  and  the  hm 
of  this,  i.e.  the  lowest  beds  of  the  Dividal  group,  now  also  makes  iti 
appearance  on  the  northern  edge,  as  for  example,  on  the  east  side  of 
Kvanangen,  at  Alteu,  on  the  south  side  of  Lerbotn,  in  the  Komak  i^od, 
and  in  the  Bippe  fjord  on  the  west  side  of  the  Porsanger  peninrali 
(lat.  70*"  80'  N.).  These  exposures  mark  the  boundary  of  the  table-land 
against  the  western  range  of  gneiss.  In  Lerbotn  the  Dividal  beds  ue 
steeply  upturned  and  the  gneiss  is  not  seen;  in  the  Komak  Qord  they 
lie  horizontal,  and  the  gneiss  is  also  horizontal ;  in  the  Bippe  Qord  thej 
are  intensely  folded,  while  the  older  rocks  are  not  folded,  but  ezhiUl 
fairly  undisturbed  bedding.  With  complete  justice  Pettersen  oonduda 
that  the  Bippe  fjord  is  traversed  by  a  great  dislocation,  and  that  the 
table-land  lying  towards  the  interior  is  thrown  down  against  the  gneia 
ranged 

The  line  of  demarcation  between  the  gneiss  range  and  the  table-land  k 
thus  a  zone  of  dislocation,  and  this  dislocation  runs  across  those  parts  of 
the  mainland  which  project  into  the  sea  and  across  a  number  of  Qoird& 
The  table-land,  here  formed  chiefly  of  schistose  quartzite,  extends  from  it 
over  a  wide  area  as  far  as  the  eastern  rampart,  so  often  mentioned  above. 

While  the  gneiss  zone  as  a  rule  has  a  height  of  3,000  feet,  the  table- 
land  in  its  western  part  does  not  rise  to  more  than  about  2,000  feet.  Its 
east  border  is  little  known.  We  left  it  in  Tjoalma  Vagge;  Pettersen 
observed  the  base  of  the  superposed  beds  on  the  upper  Bejsenelv,  not  br 
from  the  Norwegian  frontier;  there  the  mountain  mass  of  Beisduoddar 
Haldi,  consisting  of  gabbro  and  serpentine,  rises  on  the  edge  of  the  table- 
land to  a  height  of  4,000  feet  ^. 

According  to  Tellef  Dahlls  map  the  edge  of  the  superposed  beds  now 
recedes  a  little,  advancing  again  towards  the  south  in  the  direction  of 
Kautokeino.     Leopold  von   Buch,  after  having  crossed  south  of  Alten 

^  Pettersen,  De  Norske  KysUtrCgs  Geologi,  IV,  Porsanger  halvOen ;  Arch.  HaUl 
Naturvid.,  X,  1884,  map,  in  particular  p.  167.  It  is  a  pleasing  fact  that  in  the  eztiema 
north,  in  lat.  10"*  SCK  N,  where  hardly  a  tree  or  even  a  bush  rejoices  the  eye*  this 
observer  has  arrived  by  an  unprejudiced  contemplation  of  nature  at  the  same  viewi  of 
the  subsidence  of  great  mountain  segments  which  have  elsewhere,  under  much  more 
favourable  conditions,  only  been  adopted  after  much  discussion. 

*  Pettersen,  Ueber  das  Vorkommen  des  Serpentins  und  Olivinfels  im  N.  Norwegen ; 
N.  Jahrb.,  1876,  pp.  618-622. 
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horizontal  beds  of  quartzite  and  mica  schist,  ascended  this  slope  from  the 
Tjokni-jaure  towards  Eautokeino  and  there  reached  the  granite  ^. 

In  the  north  we  possess  the  observations  of  Tellef  Dahll.  According 
to  these  the  boundary  of  the  table-land  runs  from  the  neighbourhood  of 
Eautokeino,  along  the  Altenelv  to  the  north,  and  on  the  river  regular  beds 
of  graphite  occur,  intercalated  with  the  stratified  formations.  Near  the 
Jes  Jaure,  where  serpentine  crops  out,  the  boundary  turns  to  the  north- 
east; it  reaches  the  end  of  the  Porsanger  fjord  and  thence  runs  to  the 
east.  Baste  Kaisse,  south  of  the  Lakset  fjord,  3,000  feet  high,  and 
presenting  beds  of  sandstone  2,000  feet  thick,  lies  on  this  boundary, 
which  reaches  the  western  end  of  the  Varanger  fjord;  the  south  side 
of  this  fjord  belongs  to  the  Archaean  region,  the  north  side  to  the 
table-land  ^. 

In  the  north  of  the  peninsula  we  may  thus  distinguish  three  chief 
elements  as  we  proceed  from  west  to  east:  the  great  gneiss  zone  of  the 
Atlantic  coast,  which  we  call  the  zone  of  the  Lofoten,  then  the  table-land, 
which  in  spite  of  its  poverty  in  organic  remains  has  been  proved  to  belong 
to  the  Cambrian  system,  in  part  even  to  the  lower  Silurian,  and  finally 
the  Archaean  land  on  the  east.  The  western  boundary  of  the  table-land 
is  a  fracture,  the  eastern  corresponds  to  normal  superposition. 

Towards  the  south  the  line  of  the  Lofoten  abandons  the  direction  of 
the  coast,  but  the  investigations  of  Pettersen  show  that  the  masses  of 
gneiss  and  granite,  of  which  the  Lofoten  islands  consist,  are  also  present 
on  the  east  side  of  the  Vast  fjord,  and  this  great  trough  has  been  faulted 
down  into  the  rocks  of  the  Lofoten,  the  so-called  '  coast-granite.'  Further 
to  the  east,  on  the  mainland,  we  find  the  same  stratified  rocks  as  we  have 
just  encountered  about  lake  Tome&  and  the  Bals  fjord,  but  here  they  are 
folded.  Gneiss  and  a  long  band  of  granite  (the  Kjolen  granite)  crop  out 
b  the  anticlinals.  The  folds  strike  nearly  parallel  to  the  coast;  they 
form  the  mountain  of  Sulitjelma ;  they  are  intersected  transversely  by  the 
^ords,  as  for  instance  by  the  Salten  fjord.  Here  therefore  a  folded  region 
lies  between  the  range  of  the  Lofoten  and  the  tahle4and  \ 

Further  to  the  south  the  folded  region  forms  the  Atlantic  coast  almost 
as  far  down  as  the  mouth  of  Hardanger  fjord  (lat.  GO""  N.).  It  here  con- 
sists, apart  from  intrusions  of  eruptive  rocks,  partly  of  beds  of  the  same 

^  L  yon  Buch,  Reise  durch  Norwegen  und  Lappland,  II,  Berlin,  1810 ;  Gesanunelte 
Schriften,  edited  by  Ewald,  Roth  und  Eck,  1870,  II,  pp.  449-458  and  the  section  pi.  v. 

*  Tellef  Dahll,  Om  Finmarken's  Geologi ;  Forh.  Yid.  Selsk.  Christiania,  1868,  pp.  213- 
222,  pL  iy.  T.  Dahll  rightly  recognizes  here  the  equivalents  of  the  Cambrian  alum 
shales ;  he  regards  the  overlying  beds  as  Devonian,  the  graphite  beds  as  altered  Coal- 
measures  of  the  Carboniferous  period,  and  the  brown  sandstones,  superimposed  on  these, 
as  Permian ;  no  fossils  have  so  far  been  found. 

'  Pettersen,  YestQorden  og  Salten ;  Arch.  Math.  Naturvid.,  188G,  XI,  pp.  377-492, 
map. 
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age  as  those  of  the  table-land  (as  is  proved  by  the  Silurian  foBsils  found  d 
many  places),  and  partly  of  the  rocks  which  underlie  these  bed& 

The  two  transverse  sections  so  far  published,  as  for  instance  .that  d 
Trondhjem  by  Meraker^,  scarcely  enable  us  as  yet  to  form  any  defimfci 
opinion  as  to  the  direction  in  which  tangential  force  has  acted :  hot  tiie 
laborious  surveys  of  this  extensive  and  sparsely  populated  monntain  regkn 
accomplished  by  Kjerulf  and  his  fellow  workers  show  clearly  that  the 
folds  strike  down  from  the  north  towards  the  south-west  into  the  imme- 
diate neighbourhood  of  that  part  of  the  country  which  projects  farthest  to 
the  west,  the  promontory  of  Stat  (lat.  6:2°  10'  N.),  without  however  foUov- 
ing  exactly  the  course  of  the  coast.  Towards  the  south,  indeed,  aooordiDgto 
Ejei*ulf  s  map,  the  folds  appear  to  turn  more  and  more  to  the  west,  so  thii 
the  Vigten  islands,  and  next,  with  a  more  westerly  trend,  the  great  islaiMk 
to  the  south  outside  the  Trondhjem  fjord,  indicate  the  strike  of  the  folds 
as  they  pass  out  to  sea,  and  the  more  south-westerly  course  of  the  coask 
towards  Stat  appeai*s  equally  to  correspond  with  a  swerving  of  the  folds. 
Just  above  Stat  pi*omontory,  however,  an  unexpected  deflexion  occun 
The  principal  l>and  of  gneissose  granite,  which  comes  down  from  the 
north-north-east  in  the  direction  of  the  Vartdals  fjord,  runs  to  the  Vanelvs 
fjord,  then  bends  up  towards  the  north-west,  and  so  reaches  with  this 
direction  Stat  promontory  and  the  island  of  Sando  ^.  This  is  the  b^pn- 
ning  of  a  change  in  direction.  To  the  south  of  Stat  the  strike  is  due  west^ 
and  correspondingly  the  fjords  also  here  assume  an  east  to  west  direction; 
till  finally,  still  further  to  the  south  beyond  the  Sogne  fjord,  the  folds 
which  appear  on  the  coast  strike  into  the  interior,  describing  a  semicirde 
around  the  neighbourhood  of  Bergen,  and  to  the  south  of  Berj^n  they 
reach  the  sea  for  the  second  time. 

In  its  southern  part,  this  semicircular  curvature  has  been  described  is 
great  detail  by  H.  Rcusch  \    It  is  not  a  curvature  with  torsion  like  the 

'  T.  Kjerulf,  Merakerprofilet,  K.  Norsk.  Vid.  Selsk.  Skr.,  1882,  pp.  63-140,  7  pL; 
F.  Svenonios,  N&gra  profiler  inom  mellersta  Skandinaviene  Skifferomr&de,  Qeol.  FOren. 
Stockh.  FOrh.,  1885,  VII,  pp.  631-653,  pi.  xvii.  Fossils  from  these  regions  have  been 
described  by  BrOgger,  Cm  Trondhjemfeldets  inidlere  Afdeling  mellem  Goldalm  og 
Meldalen ;  Forh.  Vid.  Selsk.  Christiania,  1877,  no.  2,  pp.  1-28,  pi.  and  maps. 

'  Hans  H.  Reusch,  GrundQeldet  i  s^ndre  SOndmOr  og  en  Del  af  NordQord  ;  Forh.  Vid. 
Selsk.  Christiania,  1878,  no.  2,  pp.  1-18,  map. 

'  Hans  H.  Reusch,  Silurfoesiler  og  pressede  konglomerater  i  Berg^naakifrene^ 
Universitets  Program  for  1  Halvaar  1883,  8vo,  Christiania,  1882;  by  the  same.  Die 
fossilienfQhrenden  krystallinischen  Schiefer  von  Bergen  in  Norwegen,  translated  into 
German  by  Baldanf,  Leipzig,  1883.  These  investigations  have  furnished  excellent 
examples  of  the  extreme  alteration  of  the  rock  by  pressuie  and  of  the  preservation  of 
fossils  in  such  rocks;  they  exactly  correspond  with  observations  made  in  the  Alps. 
I  was,  however,  much  struck  by  the  fact  that  in  the  flat-bedded  parts  of  Norway  alsoy 
particularly  in  the  north,  mica  schist  and  hornblende  schist  occur,  as  has  been  alreadj 
mentioned  by  many  writers,  and  that  in  the  TromsO  district  for  example,  as  Pettersen 
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great  Roumanian  arc  on  the  lower  Danube  (I,  p.  482),  and  indeed  I  know 
of  no  other  example  of  the  same  kind.  To  the  south  of  it,  on  the  Har- 
danger  fjord  the  folds  terminate,  and  the  horizontally  stratified  belt 
extends  to  Stavanger. 

The  way  in  which  the  folded  ranges  strike  out  to  sea,  in  particular  the 
bending  round  near  Stat,  the  westerly  strike  of  the  folds  south  of  Stat,  and 
the  lie  of  the  Bergen  arc,  show  that  the  continuation  of  these  mountains 
lies  to  west  and  south-west  beneath  the  sea.  The  direction  of  the  struc- 
tural  features  in  west  Scandinavia  points  towards  the  Shetland  and  Orkney 
islands,  but  the  discussion  of  the  remarkable  correspondence  which  exists 
between  Scotland  and  the  mountains  of  Norway  may  be  postponed  to 
a  later  occasion. 

3.  Glint  lines.  On  both  sides  of  the  Atlantic  Ocean,  to  the  north-west 
and  to  the  north-east,  there  lies  a  vast  region  of  Archaean  rocks,  from 
which  the  sedimentary  covering,  except  for  a  few  isolated  patches,  has 
been  removed  by  erosion.  In  each  of  these  regions  there  lies  a  shallow 
sea,  on  one  side  Hudson  bay,  on  the  other  the  Baltic.  Each  region  is 
surrounded  as  with  a  rampart  by  the  basset  edges  of  the  sedimentary 
formations,  elsewhere  swept  away;  these  sedimei^ts  everywhere  belong 
to  the  older  divisions  of  the  Palaeozoic  period,  at  latest  to  the  Devonian, 
and  round  both  shields  they  lie  flatly  bedded.  In  Russia  the  feature 
formed  by  these  basset  edges  is  known  as  the  glint,  and  we  shall  in  future 
employ  this  term  for  long  lines  of  escarpment  formed  of  flat-lying  beds, 
when  they  are  due,  not  to  fracture,  but  to  denudation  \ 

The  glint  of  each  of  the  two  shields  is  marked  by  a  long  series  of  fresh- 
water lakes,  which  lie  in  its  course. 

The  glint  lakes  around  the  Canadian  shield  are:  Ontario,  Georgian 
bay,  lakes  Superior,  Winnipeg,  Athabasca,  Great  Slave  lake.  Martyr  lake, 
Great  Bear  lake ;  the  glint  line  then  runs  out  into  Coronation  gulf,  which 
is  situated  like  a  glint  lake. 

The  glint-line  of  the  Baltic  shield  runs  close  to  the  east  coast  of  Sweden 

rigfatl  J  observes,  the  lowest  of  these  beds  show  the  least  alteration.  Indeed,  I  have  seen 
at  the  southernmost  end  of  the  Bals  Qord,  near  the  place  where  the  great  flexure  (Fig.  6, 
pp.  58,  59)  reaches  the  sea,  many  signs  of  striation  and  gliding  on  the  bedding  planes, 
and  have  found  in  some  places,  as  at  the  bottom  of  the  Dividal  itself  partings  in  which 
the  layers  are  plicated  into  themselves,  as  it  were,  although  the  other  beds  have 
remained  horizontal ;  we  may  thus  conclude  that  during  the  formation  of  so  great 
a  flexure  there  occur  such  tensions  and  interior  movements  of  the  beds  one  over  the 
other  that  great  alteration  of  the  rocks  may  be  produced  without  any  real  folding ;  but 
there  are  vast  regions  where  such  flexures  do  not  occur,  and  yet  through  nearly  the 
^ole  length  of  the  peninsula  crystalline  schists  are  known  at  a  higher  level  than 
deponts  which  are  undoubtedly  of  Cambrian  age. 

^  The  outcrops  described  by  Zittel  in  the  Libyan  desert  are  glint  lines,  produced  by 
abiadon ;  the  declivities  at  the  south  foot  of  the  Uinta,  which  were  produced  by  flexures, 
^  not  so. 
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not  far  from  Ealmar,  then  through  the  sea  north  of  (Gothland,  north  of 
Dago,  through  the  gulf  of  Finland,  which  also  has  the  positioii  of  a  gliot 
lake,  through  lakes  Ladoga  and  Onega,  into  the  golf  of  Archangel  anl » 
to  the  Arctic  Ocean. 

A  closer  inspection  of  the  structure  of  the  Scandinavian  pemnfluli 
shows  that,  in  the  north  at  least,  north  of  JemUand  or  of  lat.  64""  N^  the 
eastern  face  of  the  table-land  with  its  slightly  inclined  bedding,  its  bastiaDi 
and  ancient  glacier  portals,  forms  part  of  the  Baltic  glint.  Just  as,  many 
years  ago,  Richardson  and  Isbister  in  north  Canada  remarked  with  «- 
tonishment  the  presence  of  so  many  lakes  on  the  PalaeoEoic  boundary  line^ 
so,  many  years  ago  Tomebohm  observed  here  that  most  of  the  great  lab 
of  Lapland  are  intersected  by  this  line  of  escarpment  ^.  Indeed,  all  thett 
great  lakes,  such  as  Homafvan,  Saggat  Trask  near  Kvikkjokk,  LoU 
Jaur,  Paitas  Jaur,  Tomei  Trask,  Alte  Vand  and  Buosta  Vand,  must  be 
regarded  as  a  series  of  glint  lakes.  The  glint  rises  higher  here  thin 
elsewhere,  and  the  transverse  position  of  the  lakes  is  more  strikiiig^ 
shown  than  in  any  other  region  of  similar  character.  The  majority  i 
these  lakes  find  an  outlet  for  their  waters  into  the  gulf  of  BoUmia^  the 
remainder  into  the  Atlantic  Ocean,  but  this  is  a  point  which  we  need  not 
consider  at  present. 

The  glint  line  is  continued  through  the  north  of  Finmark  to  the  CDd 
of  Varanger  fjord,  and  through  this  to  the  Arctic  Ocean. 

From  the  foregoing,  we  perceive  that  there  are  not  only  glint  hke^ 
but  also  glint  gulfs  of  the  sea.  Such  are :  the  gulf  of  Finland,  the  gidf 
of  Archangel,  Varanger  fjord  and  Coronation  gulf.  Of  these  four  gulh 
three  belong  to  the  Arctic  Ocean. 

4.  The  tabU'land  of  Spitzhergen,  The  Russian  chain  of  lakes  readui 
the  Ocean  in  the  gulf  of  Onega  and  the  White  sea,  immediately  to  the 
west  of  the  peninsula  of  Kanin,  the  relations  of  which  with  the  Ural 
range  have  already  been  discussed. 

We  have  already  learnt  that  Nova  Zembla  is  a  mountain  chain  folded 
to  the  west  and  north-west,  which  joins  the  Ural  near  Konstantinov- 
Eamen  in  lat.  68**  29'  N,  (I,  p.  504),  the  shar  of  Jugor,  the  straits  of  Ean^ 
and  the  Matotshkin  shar  are  transverse  furrows,  and  the  Kara  sea  is 
a  *  back-sea '  (Ruckmeer).  The  Timan  range,  a  divergent  fore-fold  or 
parma  of  the  Ural,  unites  in  syntaxis  on  the  Sula  with  a  little  fragmrat 
of  an  arc,  which  strikes  from  the  north-east  of  the  Tshesskaja  bay  across 
the  peninsula  of  Kanin  towards  Kanin  Noss  (I,  p.  505)  \ 

^  Tomebohm,  Greognostik  schwedischer  Hochgebirge,  p.  49. 

*  A.  Wichmann  has  expressed  doubt  as  to  Hofer's  conception  of  the  strnctare  of  Nof» 
Zembla ;  but  since  Wichmann  himself  regards  the  island  as  the  direct  continQation  of 
the  island  of  Waigatsch  and  of  the  Pae-chol',  this  settles  the  chief  question.  I  hxn 
recently  rediscussed  the  matter  with  Herr  HOfer,  and  am  the  more  convinced  that  his 
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We  have  thus  good  reason  to  suppose  that  the  valley  of  the  Petchora, 
the  floor  of  which  is  formed  in  great  part  of  flat-lying  Jurassic  beds, 
stretches  across  the  flat  island  of  Kolguev  to  be  continued  beneath  the 
Bouth-eaat  part  of  the  Barents  sea:  this  gives  all  the  more  interest  to 
a  knowledge  of  Spitzbergen,  Franz-Josef  Land,  and  Bear  island. 

Those  who,  like  Nordenskjold,  Mohn  and  Nathorst,  are  best  acquainted 
with  these  regions, have  conjectured  that  a. connexion  once  existed  between 
Spitzbergen  and  the  north  of  Norway;  and  Pettersen,  who  has  brought 
together  all  the  observations  relating  to  this  subject,  distinguishes  the 
table-land,  or  the  group,  of  great  islands  which  may  once  have  occupied 
the  site  of  the  existing  Barents  sea,  as  the  'Arctis^.' 

It  is  to  the  west  of  the  Lofoten  islands,  on  the  Yesteraals-Eggen,  that 
the  sea  first  sinks  to  considerable  depths  along  the  Norwegian  coast,  as 
has  been  shown  with  great  clearness  by  Mohn.  The  steep  submarine  slope 
runs  thence  to  the  north,  towards  the  west  coast  of  Spitzbergen.  Barents 
sea  lies  above  it,  outside  and  to  the  east  of  the  great  depths  of  the  Qreen- 
land  sea,  which  sinks  between  Norway  and  the  recent  volcanic  island  of 
Jan  Mayen  to  below  2,000  fathoms,  and  between  Spitzbergen  and  Qreenland 
to  below  2,600  fathoms.  Barents  sea  is  thus  of  trifling  depth ;  a  furrow 
about  200  to  300  fathoms  deep  runs  up  between  Norway  and  Bear  island, 
and  this  is  its  deepest  part ;  the  hundred  fathom  line,  however,  runs  from 
the  Murman  coast  towards  Nova  Zembla,  then  from  the  north-west  part 
of  this  island  to  the  west  and  includes  Bear  island;  so  that  the  islands 
mentioned  above,  extending  from  Spitzbergen  to  Franz-Josef  Land  and  to 
Bear  island^  form  the  highest  parts  of  a  single  continuous  plateau. 

The  results  published  by  the  Norwegian  North-sea  expedition  show 
besides,  that  lying  on  the  submarine  slope  which  descends  to  the  great 
depths  from  lat.  65"*  36'  to  68^  2V  N.,  and  in  isolated  localities  even  up  to 
lat  78""  N.,  there  are  some  residual  fragments  of  Cretaceous,  although 
deposits  of  this  system  are  not  known  at  present  on  the  neighbouring  land. 
These  consist  of  pieces  of  chalk  and  flint ;  in  lat.  65^  48'  N.,  long,  r""  29'  E. 
a  fragment  of  a  Belemnite  was  obtained  from  a  depth  of  194  fathoms. 
These  fragments  either  prove  the  existence  of  a  submarine  Cretaceous 
belt,  or  excessive  denudation  of  the  surrounding  land  ^. 

Let  us  now  turn  our  attention  first  to  the  archipelago  of  Spitzbergen. 
Through  the  great  kindness  of  Professor  Nathorst,  of  Stockholm,  I  am 
able  to  make  use  of  his  comprehensive,  and,  as  yet,  unpublisj^ed  observa- 

views  are  correct  since  they  fiilly  accord  with  what  we  know  of  the  stnicture  of  the 
north  Ural ;  A.  Wichmann,  Zur  Geologie  von  Nowaja-Sem\ja,  Zeitschr.  deutsch.  geol. 
Ges.,  1886,  XXXVIII,  pp.  516-550.  ^ 

1  K.  Pettersen,  Arktis,  II ;  Arch.  Math.  Naturnd.  Kristiania,  1882,  pp.  465-489. 

'  H.  Mohn,  Dybde-Kart  over  Nordhavet ;  Norske  Nordhavs-Expedition,  1887,  XVIII, 
pi.  i. 

F  2 
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tions   on   the  stratified   series  and   the   strnctiue   of   Spitzbergen.    Tix 
following  description  is  derived  from  commnnicatioiiB  he  has  kindly  nudt 


Flo.  8.     SpitOtrgt^ 


me  by  letter,  and  affords  a  more  complete  picture  than  the  valaable  worin 
of  NordenskjSld,  Hofer,  Drasche,  and  othera '. 

'  In  particular,  A.  E.  NordenslfjOld,  Spetsbergen's  Geologie,  K.  Svenikft  Vet.  Akai 
Handl  Stockholm,  1867,  VI,  with  geological  map,  also  an  Engliih  tnnslation  Id  thi 
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According  to  Nathorst  the  stratified  sequence  of  Spitzbergen  is  as 
follows:^ 

The  Tertiary  deposits  consist,  in  the  first  place,  of  about  500  feet  of 
lacustrine  sediments  with  coal  and  land  plants ;  beneath  these  lie  2,500  feet 
of  marine  sandstone,  clay,  and  other  beds,  with  marine  mollusca,  and 
finally  another  100  feet  of  coal  and  plant-bearing  beda 

Beneath  these  Tertiary  beds  a  gap  occurs  with  unconformity,  then 
eomes  the  Jurassic  series,  first,  marine  beds  with  Leda,  Nucula  and  others, 
and  then  lacustrine  beds  with  plants  and  fresh-water  moUusca  (once  erro- 
neously believed  to  be  Cretaceous);  next,  marine  beds  with  Ammonites; 
again,  limnic  beds  with  coal  and  plants ;  below  these  again,  sediments  which 
are  perhaps  marine.  The  Jurassic  rests  conformably  on  marine  sediments, 
also  completely  conformable  among  themselves,  of  the  Trias,  Permian,  and 
Permo-Carbonif erous ;  the  last  of  these  rests  also  conformably  on  the  Ursa 
stage,  which  contains  plant  remains,  but  in  one  locality  it  also  exhibits  an 
intercalation  of  marine  sediments. 

The  Ursa  stage  rests  unconformably  on  the  Devonian  series  of  Liefde 
bay,  which  contains  Cephalaspis,  Scaphaspis,  and  plant  remains  of  the  Old 
Red  sandstone :  in  this  series  also  a  marine  bed  is  probably  intercalated. 

The  Devonian  rests  unconformably  on  the  much  older  Hecla  Hook 
system,  which  has  not  as  yet  afforded  fossils;  it  consists  of  quartzite, 
phyllites,  limestone,  and  dolomite,  and  close  to  it  there  occur  granite, 
gneiss,  and  hornblende  schists,  which  are  said  to  represent  the  Archaean 
foundation,  though  Nathorst  does  not  consider  this  definitely  established. 
The  Hecla  Hook  rocks  which  I  saw  in  Stockholm  resemble  the  phyllites  of 
the  eastern  Alps. 

Of  the  more  recent  eruptive  rocks  only  diabase  occurs ;  it  traverses  the 
beds  as  far  as  the  Trias,  in  places  even  to  the  Jurassic.  The  largest  masses 
of  diabase  occur  in  a  zone  running  from  south  to  north,  which  extends 
from  the  Thousand  islands  along  the  Star  fjord  far  into  the  straits  of 
Hinlopen. 

The  dislocations  resulting  from  tangential  stresses  are  confined  to  the 
fundamental  rocks,  and  the  Hecla  Hook  beds.  These  are,  as  a  rule,  steeply 
upturned,  and  form  the  sharp  jagged  mountains  to  which  the  highest  peaks 
of  Spitzbergen,  such  as  the  Homsundstind,  belong.  All  the  other  deposits, 
however,  from  the  Devonian  upwards,  retain,  except  on  the  west  side  of 
Spitzbergen,  a  horizontal  or  only  gently  inclined  position,  save  for  some 
local  and  insignificant  disturbances.  The  whole  of  the  country  formed  by 
them  is  table-land. 

GeoL  Mag.,  1872  ;  H.  Hdfer,  Graf  Wilczek*i  Nordpolfalirt  im  Jahro  1872, 1. :  Beitrftge  zur 
Geographic  SQd-SpitzbergeiiB,  Peterm.  Mittheil.,  1874,  pp.  220-223;  R.  von  Drasche, 
Geologiflche  Beobachtangen  auf  einer  Reise  nach  den  WestkOsten  Spitsbergens  im 
Sommer  1873,  Verb.  k.  k.  geol.  Reichs,  1873,  pp.  260-863. 
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Along  the  west  Bide  of  Spitzbeigen  there  rona  a  long  horat  which, 
towards  the  east,  is  separated  from  the  island  by  a  great  line  of  fracture. 
On  this  line  the  sedimentary  beds  are  steeply  uptomed  or  even  inverted ; 
according  to  Nathoist  the  feature  most  be  regarded  as  a  fault  with  down- 
tiirow  to  the  east  accompanied  by  upward  flexnre.  Tfatf  throw  of  the 
dislocation  most  amount  to  several  thoasaod  feet,  since  on  the  Ice  soond, 
where  the  flexnre  ia  most  widely  extended,  even  the  Tertiary  beds  are 
affected ;  the  same  is  the  case  in  King's  bay.  In  Bel  sound  the  upturning 
appears  to  torminate  with  the  Trias. 

The  greater  part  of  Spitsbergen  is  thus  a  table-land,  and  the  same 
would  seem  to  be  true  of  Barents  Land,  Edge  island,  and  Hope  island,  since 
all  the  beds  of  these  islands  appear  to  lie  horizontal. 

Another  great  fault  runs  down  through 
Wijde  bay  towards  Klaas  Billen  bay. 
This  disturbance  is,  however,  certainly 
very  ancient,  even  older  than  the  Ursa 
stege,  since,  west  of  Elaas  Billen  bay,  beds 
of  this  stage  lie  flat  on  tiie  Devonian, 
which  IS  somewhat  steeply  upturned 
against  the  fracture,  and  to  the  east  of 
this  bay  they  rest  immediately  on  the 
fundamentel  rocka  still  retaining  their 
flat  bedding  In  Liefde  bay,  Elaaa  BiUen 
bay,  and  Dickson  bay,  Nathorst  found  the 
^  ^     X  -^  tt.«_.      -  »    M  .V     .     Devonian  everywhere  horizontal,  and  the 

atruetuTt^wntSpttAtrgtnatteiSithoiat,         ,    ,      t, 

whole  Devonian  table-land  appeared  to 
him  to  be  let  down  in  an  old  pre-Carboniferous  fanlt-trough. 

It  thus  appears  that  faults  are  present  of  very  different  age ;  some  are 
pre-Carboniferous,  while  others  are  post-Tertiary,  and  have  produced  an 
upward  flexure  of  the  Tertiary  beds. 

The  throw  of  another  fault,  situated  in  Bel  sound,  along  the  north 
coast  of  Van  Keulen's  bay,  must,  according  to  Nathorst,  amount  to  at  least 
2,000  feet,  for  beds  of  Carboniferous  limestone  are  exposed  both  in  the 
mountain  peake  and  on  the  seashore  below. 

Other  faults  of  trifling  importance  also  occur,  some  of  which  coincide 
with  the  lie  of  the  Qorda. 

These  main  linee  of  the  structure  appear  in  the  little  map.  Fig.  8, 
reduced  from  a  sketch  which  Professor  Nathoiat  was  kibd  enough  to  send 
me.  The  ancient  Hecla  Hook  rocks  form  almost  the  entire  west  coast, 
probably  also  Prince  Charles  promontory ;  the  Archaean  foundation  makes 
its  appearance  in  the  north-west.  Between  Liefde  bay  and  Wijde  bay  the 
Devonian  is  exposed,  bounded  on  the  east  by  the  fracture,  and  on  the  whole 
north  oosst  the  ancient  rocks  of  Hecla  Hook  and  the  Archaean  are  visible. 
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fe  The  centre  of  the  country  and  the  whole  eastern  part  from  the  South  cape 

;  to  beyond  Edge  island  is  occupied  by  later  sediments,  and  by  the  Mesoaoie 

(  •exposures  of  diabase. 

Y         It  is  extremely  likely  that  the  eastern  islands  are  the  continuation  of 

^  the  Mesozoic  table-land  in  which  Stor  fjord  lies. 

;         As  to  KiTig  Charles'  Land  Nathorst  observes  that  the  only  fossil  so  far 

.    known  is  a  fragment  of  fossilized  wood,  described  by  Schroter  as  Larix 

,  Johnaeni,  and  believed  to  be  Miocene;  that  Tertiary  beds  occur  here  is 
certainly  possible,  but  in  Spitzbergen  a  conifer  is  found  which  probably 

.    belongs  to  Larix,  and  this  occurs  in  the  upper  Jurassic. 

^  In  Franz-Josef  Lamd  the  bold  sledge  journey  of  Payer  has  made  us 

acquainted  with  horizontal  sheets  of  eruptive  basalt,  and  the  more  recent 

.  investigations  of  Leigh  Smith  have  still  further  extended  our  knowledge. 
In  Eira  harbour  (lat  80"  W  N.  Franz-Josef  Land,  S.W.),  Grant,  who  accom- 
panied Leigh  Smith,  found  that  the  cliff,  1,040  feet  in  height,  is  formed  at 
its  base  of  Oxford  clay  with  Belemnites.  Above  this  follow  beds  with 
coniferous  wood  and  cones,  and  other  plant  remains ;  they  are  believed  to 
be  Cretaceous.  The  whole  is  covered  with  a  sheet  of  basaltic  lava^. 
Let  us  now  turn  our  attention  from  Spitzbergen  to  the  south. 
Bear  island  consists  of  horizontal  beds  of  Permo-Carboniferous  age, 
and  the  Ursa  seriea  Nordenskjold  met  here  with  the  Heda  Hook  rocks ; 
according  to  Nathorst  it  is  uncertain  whether  these  are  exposed  by  erosion 
or  by  a  prolongation  of  the  great  line  of  fracture  which  runs  along  the 
west  side  of  Spitzbergen.  The  island  is  nothing  but  a  fragment  of  the 
Spitzbergen  table-land ;  Mohn  has  given  a  vivid  account  of  the  unceasing 
attack  of  the  breakers  on  these  horizontal  beds,  the  undermining  of  the 
cliffs,  the  formation  of  great  clefts,  and  the  slipping  down  of  mighty  masses 
of  limestone ;  such  fallen  masses,  standing  in  isolated  pillars  or  towers  at 
the  end  of  flat  tongues  of  land,  often  remain  to  bear  a  long-enduring 
testimony  to  the  destructive  violence  of  the  waves  *. 

Thus  we  find  repeated  on  this  island  that  castellated  form  of  the  diffii 
which  has  been  so  often  described  as  characterizing  the  Palaeozoic  limestone 
beds,  likewise  horizontal,  of  the  North  American  archipelago,  e.g.  in  the 
Parry  islands  and  Lancaster  sound.  There  we  found  arms  of  the  sea 
running  up  in  many  ramifications  between  the  islands  of  the  archipelago, 
like  a  submerged  system  of  river  courses.  We  can  indeed  picture  to 
ourselves  how,  with  a  rising  strand-line,  the  sea  will  penetrate  into  the 
valleys  of  a  horizontally  stratified  land,  how  it  will  widen  them  by  under- 

^  C.  B.  Markham,  The  Voyage  of  the  '  Eira,*  and  Leigh  Smith's  Arctic  DiBCOveiies  in 
1880 ;  Proc.  Geogr.  Soc,  London,  new  series,  III,  1881,  p.  135.  According  to  Carruthers 
the  conifer  is  a  true  pine.  Etheridge  mentions  still  older  rocks  beneath  the  Jurassic ; 
torn,  cat.,  p.  147. 

'  Norske  Nordhays  Expedition,  V,  1882 ;  H.  Mohn,  Geografi  og  Naturhistorie,  p.  32. 
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mining  their  banks,  and  so  produce  outlines  which,  as  soon  as  the  seoonduj 
watersheds  have  been  crossed  or  destroyed,  may  come  at  last  to  resemUe 
and  not  remotely  those  of  the  Parry  archipelago.  In  the  same  way  Beir 
island  is  regarded  by  most  observers  simply  as  an  outlier  of  the  gmi 
table-land,  separated  by  erosion.  Thus  the  sea  completes  the  work  whiek 
the  rivers  had  begun,  and  in  this  way  are  accomplished  those  extenm 
abrasions  to  which  the  stratified  succession  of  so  many  lands  bean 
witness. 

5.  Greenland.  The  fundamental  features  of  the  stratified  soocesBioii  u 
Spitzbeigen  are  repeated  in  Greenland,  but  only  on  the  east  coast  ani 
a  part  of  the  south-west.  This  correspondence  has  often  been  remarked 
upon  by  competent  observers.  Here  as  there,  red  sandstone  rests  hori- 
zontally and  unconformably  on  ancient  folded  rocks,  and  the  folding  is 
thus  older  than  the  sandstone.  In  Greenland  the  red  sandstone  has 
not  as  yet  furnished  any  organic  remains,  but  it  may  doubtless  be  oom- 
lated  with  the  Liefde  bay  series  of  Spitzbergen.  The  Mesozoic  and 
Tertiary  deposits  also  lie  fiat,  as  in  Spitzbergen.  This  is  the  constitatiOD 
of  the  great  peninsula  in  the  east,  so  far  as  the  inland  ice  and  the  in- 
hospitable nature  of  the  coast  have  permitted  us  to  become  acquainted 
with  it;  in  the  west  the  characters  of  an  abraded  table-land  are  con- 
tinued far  to  the  north,  probably  about  as  far  as  the  Humboldt  glacier, 
where,  as  we  have  already  seen,  the  upturned  Silurian  strata  extend  from 
Norman  Lockyer  island  (lat.  79**  25^  N.)  in  Scoresby  bay  across  Smith  sound 
with  a  north-easterly  strike  (II,  p.  42). 

Greenland,  as  far  north  as  Humboldt  glacier,  is  probably  an  ancient 
table-land,  yet  it  differs  in  some  respects  from  the  Canadian  and  Baltie 
table-lands,  for  in  these  two  regions  we  meet  with  horizontal  Silurian  beds 
of  marine  origin,  while  in  Greenland  as  in  Spitzbergen  the  series  of  flat- 
lying  beds  does  not  begin,  according  to  the  present  state  of  our  knowledge, 
before  the  red  sandstone. 

Payer  and  Copeland  have  explored  the  east  coast  between  lat.  78' 
and  76°  N. ;  the  facts  brought  together  by  Hochstetter  and  his  fellow 
workers  show  that  the  greater  part  of  the  coast  of  the  mainland,  together 
with  most  of  Clavering  island  and  Kuhn  island  and  the  north  of  Shannon 
island,  consists  of  Archaean  rocks.  Ancient  quartzite,  clay  slates,  and  lime- 
stone, which  are  assigned  to  the  Hecla  Hook  series  of  Spitzbergen,  are 
exposed  on  the  north  coast  of  Franz-Josef  fjord.  In  False  bay  (Clavering 
straits,  west  of  Sabine  island)  Payer  made  the  remarkable  discovery  c^ 
Rhaetic  fossil,  Rhynchxmdla  fisaicodata,  the  only  representative  of  this 
series  found  as  yet  in  the  Arctic  regions.  On  Kuhn  island  there  are 
Jurassic  deposits  similar  to  those  of  Spitzbergen,  and  similarly  associated 
with  coal  and  plant-bearing  beds.  Basalts  and  plant-bearing  sedimenta 
of  middle  Tertiary  age  crop  out  for  a  great  distance  along  the  coast  from 
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the  little  Bontekoe  islands  in  front  of  Franz- Josef  fjord,  northwards  up  to 
the  middle  of  Shannon  island,  so  that  all  the  land  which  runs  farthest 
out  to  sea — such  as  cape  Broer  Ruys,  cape  Borlase  Warren,  Sabine  and 
Pendulum  island,  and  cape  Philip  Broke  on  Shannon  island — belongs  to  the 
basalt  region.  Hochstetter  foreland  also  is  middle  Tertiary :  it  has  furnished 
remains  of  Tertiary  marine  moUusca  similar  to  those  of  Spitzbergen.  I  may 
observe  that  these  are  the  only  two  regions  in  the*  Arctic  Ocean  which 
have  afforded  marine  Tertiary  fossils.  The  basalts  of  Iceland,  the  Faeroes, 
and  even  Ireland  (so  far  to  the  south)  and  the  west  coast  of  Greenland  are 
everywhere  accompanied  by  Tertiary  beds  which  contain  no  other  fossils 
than  terrestrial  plants  ^  (I,  p.  287). 

The  west  of  Greenland,  from  cape  Farewell  to  lat.  61°  N.,  consists 
mainly  of  granite,  beside  which  gneiss  appears  only  in  isolated  localities — 
according  to  Laube  on  the  precipitous  cape  Whitsuntide  on  the  east  coast, 
and  on  Sermersoak  in  the  south-west.  On  the  east  coast  the  granite 
frequently  contains  hornblende;  on  the  west,  according  to  the  recent 
investigations  of  Steenstrup  and  Komerup,  it  is  traversed  north  of  Igaliko 
fjord  by  a  mass  of  syenite,  and  north  of  Julianehaab,  at  the  mouth  of 
the  Tunugdliarfik,  by  a  mass  of  sodalite  syenite,  which  is  cut  right  through 
the  middle  by  the  fjord.  A  great  mass  of  red  sandstone,  accompanied  by 
porphyry,  separates,  north  of  the  sodaUte-syenite,  the  Sermilik  from  the 
Tunugdliarfik  fjord,  and  extends  across  the  latter  to  the  north  end  of 
the  Igaliko  fjord.  So  far  the  red  sandstone,  as  we  have  already  mentioned, 
has  not  afforded  any  organic  remains  K 

In  the  interval  between  lat.  62°  15'  and  64°  15'  N.  Komerup  en- 
countered only  Archaean  rocks,  chiefly  grey  gneiss.  Its  strike  is  generally 
directed  to  the  north-east  \ 

The  land  much  further  to  the  north  also,  between  lat.  66°  15'  and 
68°  15'  N.,  was  found  by  the  same  observer  to  be  formed  of  different 

^  F.  V.  Hochstetter,  Geolog^e  Ost-Grdnlands  zwischen  dem  73.  und  16°  n.  Br. :  a.  Allge- 
meine  Uebersicht,  bearbeitet  von  Franz  Toula,  5.  Specielle  Darstellung,  bearbeitet  von 
Oscar  Lenz ;  Mesozoische  Yersteinerungen  von  der  Euhinsel,  von  Franz  Toula,  in  Zweite 
Deutsche  Nordpolfahrt,  II,  1872,  pp.  471-511,  and  Hochstetter,  Geologische  Eartenskizze 
von  Ost-GrOnland  nach  den  Beobachtungen  und  Sammlungen  von  Payer  und  Copeland, 
op.  cit.,  pi.  i.  All  the  earlier  geological  literature  of  Greenland  is  given  in  Rupert 
Jones'  valuable  manual  of  the  Natural  Histoiy,  Geology,  and  Physics  of  Greenland,  8vo, 
London,  1875. 

'  Gustav  Laube,  Greolog^he  Beobachtungen  gesammelt  w&hrend  der  Reise  des 
*  Hansa'  und  gelegentlich  des  Aufenthaltes  in  SUd-Grdnland,  Sitz.  k.  Ak.  Wiss.  Wien, 
1873,  LXYIII,  pp.  17-109,  and  geological  map ;  E.  J.  V.  Steenstrup  og  A.  Eomerup, 
Beretning  om  Ezpeditionen  til  Julianehaab*s  Distrikt  i  1876,  Meddels.  om  GrOnland  II, 
KjObnhavn  1881,  pp.  1-26 ;  Steenstrup,  Bemserkninger  til  et  geognostik  Oversigtskaart 
over  en  Del  af  Julianenhaab's  Distrikt,  op.  cit.,  pp.  27-41,  and  geological  map. 

^  A.  Eomerup,  Geologiske  lagttagelser  fra  Vestkysten  af  GrOnland  (lat.  62''  15'- 
64''  15'  N.) ;  Meddels.  om  GrOnland,  1, 1879,  pp.  77-139,  geological  map  B. 
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varieties  of  gneiss,  and  this  great  mass  of  gneiss,  lying  in  folds  strildiig 
to  the  north-east,  appears  to  form  by  far  the  larger  part  of  the  west  coui\ 

Between  lat.  70''  and  72*"  39^  N.  and  beyond,  the  same  Archaean  rocb 
crop  out  at  the  edge  of  the  inland  ice,  but  in  front  of  them,  towards  tk 
sea,  lie  great  basaltic  regions,  such  as  we  have  already  studied  on  the  ent 
coast  from  the  mouth  of  Franz-Josef  fjord  up  to  Shannon  ialand.  I  my 
cite  as  examples  taken  from  the  latest  surveys  of  Steenstmp,  Diako  isliiil 
(on  the  south  and  south-west  coast  of  which  the  Archaaan  foundation  it 
visible),  then  Hare  island,  the  peninsula  'of  Nugsuak,  Ubakjendt  island,  the 
peninsulas  of  Svartenbuk  and  Ingnerite.  On  this  side  as  in  the  east^  tk 
Archaean  region  of  the  interior  is  bounded  by  a  basaltic  belt^  and  it  n 
beneath  these  mighty  sheets  of  lava  that  those  rich  Cretaceous  and  middk 
Tertiary  floras  are  preserved  which  have  furnished  the  most  impoKtam 
material  for  the  investigations  made  by  Oswald  Heer  on  the  Arctic  flont 
of  the  past  ^ 

A  fact  of  great  importance  in  its  bearing  on  questions  to  be  diseosBed 
later  is  the  discovery  made  by  Steenstrup  of  the  presence  of  marine  Gr- 
taceous  fossils  within  this  series  of  beds  which,  except  for  some  lool 
disturbances,  are  always  horizontal.  The  succession,  acoording  to  tk 
present  state  of  our  knowledge,  is  as  follows: — (1)  Kome  bedsi,  restiiig 
directly  on  gneiss,  and  containing  a  terrestrial  flora  of  lower  Cretaeeoos 
age;  (2)  AtaTie  beds,  with  a  terrestrial  flora  of  Cenomanian  age,  com- 
sponding  to  that  of  the  Quader  sandstone  of  Central  Europe,  and  containing 
several  species  of  the  flora  of  the  Dakota  stage  in  America;  (8)  Patat 
beds,  containing  a  terrestrial  flora  of  Senonian  age,  and  also,  up  to  1,200 
feet  above  the  existing  sea-level,  Cretaceous  marine  fossils.  Loriol  has 
established  their  affinity  with  the  Fort  Pierre  and  Fox  Hill  beds  of 
Nebraska  ^  Above  these  lie  the  Tertiary  plant-bearing  beds,  and  the 
great  basaltic  sheets  which  reach  a  height  of  more  than  5,000  feet  abo^ 
the  existing  sea. 

The  Cretaceous  marine  beds  are  known  in  the  south  of  the  peninsab 
of  Nugsuak,  and  also  in  the  north  up  to  about  lat.  70**  45'  N.  Thus  ftf 
therefore  the  Senonian  sea  had  penetrated.  We  mentioned  a  patch  ci 
marine  Cretaceous  on  the  Mackenzie  in  lat.  65^  N.  and  the  fossils  of  F^itooi 
point  clearly  to  a  connexion  with  the  Cretaceous  sea  of  the  North  Amerieao 
prairies.  Although  we  shall  scarcely  be  able  to  determine  how  far  tbe 
Cretaceous  sea  once  extended  to  the  east,  over  the  abraded  CanadiiD 

^  A.  Komerup,  Geologiske  lagttagelser  fra  Vestkygten  af  GrOnland  (lat.  66^  56^- 
68*"  15'  N) ;  op.  cit.,  II,  1881,  pp.  151-208,  geological  map,  pi.  vi. 

*  K.  J.  V.  Steenstnip,  Bidrag  til  Ejendskap  til  de  geognostiske  og  geografiake  FozlioM 
i  en  Dal  af  Nord-GrOnland,  Meddels.  IV,  1883,  pp.  173-242,  geological  map ;  and  by  tbe 
same,  Om  Forekomsten  af  Forsteninger  i  de  KulfOrende  Dannelser  i  Nord-GrOnland,  op^ 
cit,  V,  1883,  pp.  45-77. 

'  P.  de  Loriol,  Om  foBsile  Saltvandsdyr  fra  Nord-GrOnland ;  tom.  cit.,  pp.  203-21S. 
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table-land  (I,  p.  658),  yet  in  the  extreme  north  we  recognize  it  in  isolated 
traces  beneath  the  basaltic  sheets. 

The  earlier  observations  of  Sutherland,  who  was  already  acquainted 
with  the  basalts  from  Disko  up  to  Proven  island  in  lat.  IT  2(/  N.,  show 
that  the  coast  to  the  north  of  Proven  island,  as  far  as  cape  York  in 
lat.  76*"  N.,  consists,  together  with  the  bordering  islands,  almost  exclusively 
of  gneiss  and  granite.  North  of  cape  York  up  to  cape  Atholl,  i.e.  for 
a  distance  of  about  80  to  40  knots,  basaltic  outflows,  probably  the  same 
as  those  of  Disko,  again  make  their  appearance  ^. 

Cape  Alexander  at  the  mouth  of  Smith  sound  consists  of  basalt,  and 
this  again  is  followed  to  the  north  by  gneiss ;  the  rest  of  the  east  coast 
of  Smith  sound  towards  the  Humboldt  glacier  appecurs  to  be  unknown  '. 

Along  this  great  ice  streakn  or  close  to  its  further  side,  the  folded  ranges 
with  Palaeozoic  fossils  begin.  The  Tertiary  lignite  beds  also  extend  into 
this  region,  and  were  encountered  by  Feilden  in  Orinnel  Land,  at  Discovery 
harbour  in  lat.  81**  45'  N.  ^ 

Great  as  is  the  variety  of  sediments  on  the  west  coast  of  Greenland, 
yet  as  far  north  as  the  Humboldt  glacier  the  only  beds  which  have  so  far 
afforded  marine  fossils  are  the  Senonian  intercalations  of  Patoot ;  a  striking 
contrast  to  the  east  coast,  where  indeed  the  Cretaceous  formation  has  never 
yet  been  encountered,  neither  has  it  been  met  with  in  Spitzbergen. 

6.  The  CcUedonian  mouTUaina.  'The  Scottish  Highlands,  with  the 
Hebrides  and  Donegal  on  the  one  hand,  and  the  Orkneys  and  Shetlands 
on  the  other,  must  be  regarded — to  use  a  technical  phrase — as  mere  "  out- 
liers "  of  the  Scandinavian  peninsula.'  So  writes  Judd,  one  of  the  geologists 
best  acquainted  with  the  country ;  and  other  distinguished  investigators,  such 
as  A.  Geikie,  hold  the  same  view  ^.  This  conception  of  the  Scotch  geolo- 
gists rests,  it  is  true,  primarily  on  the  correspondence  between  the  stratified 
series  of  the  two  regions.  The  Torridon  sandstone,  an  arkose,  or  sandstone 
containing  feldspar,  which  underlies  the  Cambrian,  is  correlated  with  the 
sparagmite  of  Norway.  A  Geikie  is  inclined  to  think  that  the  zone  of 
Old  Red  sandstone,  which  has  been  traced  along  the  Moray  firth  through 
the  east  of  Ross  and  Sutherland,  then  through  Caithness  to  the  Orkneys 
and  into  the  southern  part  of  the  Shetland  islands,  may  once  possibly  have 

^  P.  C.  Sutherland,  On  the  Geological  and  Glacial  Phenomena  of  the  C!oa8t8  of  Davis' 
Strait  and  Baffin's  Bay ;  Quart.  Joum.  Geol.  Soc,  1853,  IX,  p.  297.  I  have  not  ventured 
to  quote  the  observations  made  north  of  cape  Atholl,  since  they  are  rather  indefinite  and 
evidently  made  from  the  ship. 

^  The  little  map  by  Feilden  and  de  Ranee  in  Quart.  J6um.  Geol.  Soc,  1878,  XXXIY, 
pi.  xxiv. 

'  0.  Heer,  Notes  on  Fossil  Plants  discovered  in  Grinnell-Land  by  Capt.  H.  W.  Feilden'; 
tom.  cit.,  pp.  66-70. 

*  J.  W.  Judd,  Address  to  the  Geological  Section  of  the  British  Association  at  Aberdeen, 
1885. 
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extended  into  the  Sogne  fjord  and  Dais  fjord,  where  aimilar  red  eon- 
glomerates  have  been  met  with,  although  so  far  without  orgasncncewKmK 
Judd  points  out  the  striking  resemblance  that  exists  between  the  Mesoaoie 
deposits  of  Scania  and  those  rare  patches  of  the  same  age  in  Sootlani 
which  have  been  preserved  by  great  subsidences  or  beneath  sheets  d 
basalt.  In  both  regions  the  series  begin  with  Trias  sediments  (containnf 
reptiles  in  Scotland),  and  above  this  there  follows  a  series  of  altematiif 
marine  and  fresh-water  deposits,  the  latter  containing  the  remains  d 
terrestrial  plants ;  in  both  regions  the  lowest  members  of  the  Cretseeou 
are  absent,  and  the  higher  members  are  alone  represented.  At  AndS,  in 
the  Lofoten  islands,  the  Jurassic  no  doubt  owes  its  preservation  to  mbi- 
dence,  as  it  does  on  the  Scotch  coast. 

Our  study  of  the  Scandinavian  peninsula  has  shown  that  it  may  be 
distinguished  into  several  regions.  The  first  is  the  Archaean  zone  of  the 
Lofoten  or  the  western  zone  of  gneiss,  which  may  be  traced  across  tlie 
islands  and  peninsulas  of  the  north,  fix)m  Magero  to  Vest  fjord.  Tbe 
second  region  is  the  table-land  of  the  north,  separated  by  dislocatiaB 
from  the  western  zone  of  gneiss  and  terminating  on  the  east  with  hori- 
zontal stratification  in  the  glint,  which  runs  down  from  the  Varanger  Qori 
In  the  Rippe  fjord,  lat.  70""  30'  N.,  the  dislocation  along  the  western  gneis 
zone  is  a  fault  with  upward  flexure  of  the  down-thrown  table-land ;  nt  the 
bottom  of  the  £als  fjord,  on  the  other  hand,  in  lat.  69"*  10'  N.  all  the  table- 
land appears  to  dip  westwards  in  a  great  flexure  beneath  the  gneiss  aone, 
or  at  least  beneath  the  band  of  gabbro  which  lies  in  front  of  it.  Fuiibfa 
to  the  south  the  table-land  itself  in  its  western  part  appears  to  be  thrown 
into  the  long,  south-south-west  striking  folds  of  the  great  Norwegian  raogeB^ 
while  to  the  east  it  always  remains  flat  and  runs  out  to  the  glint.  ESast  o( 
the  glint  lies  the  Archaean  table-land  of  the  gulf  of  Bothnia ;  that  is,  the 
Baltic  shield. 

These  fundamental  features  in  the  structure  of  the  Scandinavian 
peninsula  enable  us  to  perceive  that  there  exists  in  the  two  regions  noi 
only  a  correspondence  between  the  stratified  succession  as  shown  above, 
but  also  a  far-reaching  correspondence  in  structure,  and  that  the  oontoozs 
of  the  Atlantic  from  the  North  cape  in  lat.  71*"  10^  N.  to  at  least  as  &r  is 
Donegal  bay  in  lat.  54°  80'  N.  are  formed  by  once  continuous  mountain 
ranges,  constructed  on  a  common  plan. 

A.  and  J.  Geikie  have  shown  in  a  number  of  highly  instructive  descrip- 
tions that  the  structure  of  Scotland  is  clearly  expressed  in  the  configaratios 
of  the  surface,  as  well  as  in  the  character  of  the  landscape.  It  also  reveab 
itself  in  the  plainest  manner  in  the  course  of  the  coast  lines  ^ 

'  A.  Geikie,  Textbook  of  Geology,  8vo,  London,  1885,  p.  712. 

'  From  this  long  series  I  will  only  quote  the  latest  work  known  to  me :  J.  Geikie,  Hie 
Physical  Features  of  Scotland,  Scott.  Geogr.  Mag.,  I,  1885,  ])p.  26-41.    For  the  eoi- 
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Scotland  and  the  adjacent  islands  are  represented  in  Fig.  10  on  the 
same  scale  as  that  chosen  for  the  sketch  of  Spitzbergen  (II,  p.  68,  Fig.  8). 
.We  observe  a  continuous  range  of  Archaean  rocks  in  the  north-west.  The 
ancient  gneiss  is  visible  in  the  Hebrides,  in  the  south-east  of  the  islands  of 
CoU  and  Tiree,  in  Raasay  and  Bona,  and  along  the  north-west  coast  of 
Scotland.  In  a  precisely  similar  fashion  the  Archaean  range  of  the 
Lofoten  lies  to  the  west  and  in  front  of  the  Scandinavian  peninsula. 

The  Minch  lies  on  the  gneiss  region  in  the  same  way  as  the  Vest  fjord  does 
in  Norway;  some  of  the  Tertiary  volcanos  of  the  Hebrides  belong  to  the  same 
region  (I,  p.  156,  Fig.  19),  and  in  particular  the  great  basalt  flows  of  Skye. 

The  Archaean  area  is  bounded  on  the  east  by  a  zone  of  dislocations 
of  a  peculiar  nature;  beginning  on  lake  EriboU  it  is  continued  through 
loch  Assynt  and  the  upper  parts  of  loch  Broom  and  loch  Maree  as  far  as 
loch  Carron,  and  no  doubt  still  further  to  the  south-south-west,  on  the  inner 
side  of  the  gneissose  islands  of  Coll  and  Tiree.  Murchison,  deceived  by  the 
extraordinary  position  of  the  beds  in  the  north  part  of  this  zone,  came  to 
the  conclusion  many  years  ago  that  the  gneiss  is  here  normally  superposed 
on  fossiliferous  Silurian  beds,  and  he  consequently  asserted  the  existence 
of  a  more  recent  Silurian  gneiss  as  opposed  to  the  ancient  gneiss  of  the 
Hebrides.  Nicol  challenged  Murchison's  views,  and  thought  that  the  super- 
position of  the  gneiss  was  due  to  great  dislocations.  This  interpretation  was 
revived  by  Bonney,  Hicks,  and  Callaway,  and  found  its  strongest  support 
in  the  brilliant  discoveries  of  Lapworth  \  To  bring  a  long  controversy  to 
a  close,  A.  Geikie,  as  the  Director  of  the  Geological  Survey,  commissioned 
Messrs.  Peach  and  Home  to  make  an  exact  survey  of  the  district  around  loch 
Eriboll  and  the  extreme  north-west  of  Scotland.  As  a  result  of  this  work, 
A.  Geikie  has  now  admitted,  with  the  sincerity  which  distinguishes  and 
honours  the  true  man  of  science,  the  erroneousness  of  the  older  theory  \ 

The  section  from  the  Kyle  of  Durness  across  loch  Eriboll  published  by 
Peach  and  Home  reveals  the  following  features : — 

tinuation  to  Ireland,  R.  Harkness,  On  the  Rocks  of  Portions  of  the  Highlands  of  Scotland 
South  of  the  Caledonian  Canal  and  on  their  Equivalents  in  the  North  of  Ireland,  Quart. 
Joum.  GeoL  Soc.,  1861,  XVII,  pp.  256-271 ;  E.  Hull,  The  Physical  Geology  and  Geography 
of  Ireland,  Svo,  London,  1878,  p.  20 ;  C.  Callaway,  On  the  Granitic  and  Schistose  RocIqb 
of  North  Donegal,  Quart.  Joum.  Geol.  Soc,  1885,  XLI,  pp.  221-239  (Overfolding  in 
I>onegal,  p.  238). 

'  H.  Hicks,  On  the  Metamorphic  and  overlying  Rocks  in  parts  of  Ross  and  Inverness 
Shires,  Quart.  Joum.  Geol.  Soc,  1883,  XXXIX,  pp.  141-159  (Appendix :  On  the  Litho- 
logical  Characters  of  a  Series  of  Scotch  Rocks,  &c.,  by  T.  G.  Bonney,  torn,  cit.,  pp. 
159-166),  and  map;  C.Callaway,  The  Age  of  the  newer  Gneissic  Rocks  of  the  Northern 
Highlands,  torn,  cit.,  pp.  355-414  (Lithology  in  Appendix  by  Bonney,  pp.  414-420); 
C.  Lapworth,  Close  of  the  Highland  Controversy,  Qeoh  Mag.,  1885,  pp.  97-106  et  passim. 

'  A.  Geikie,  The  crystalline  Rocks  of  the  Scottish  Highlands,  Nature,  Nov.  13,  1884, 
pp.  2^31,  and  B.  N.  P.  Peach  and  J.  Home,  Report  on  the  Geology  of  the  North-west  of 
Sutherland,  torn,  cit.,  pp.  31-35.  The  correspondence  of  the  Lofoten  islands  and  the 
Hebrides  is  emphasized  by  Bonney,  Quart.  Joum.  Geol.  Soc,  1870,  XXVI,  p.  628. 
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n  the  OeologicBl  Map  of 


*  of  Onaite; 


a  AnthusBii  ;  a  Silurian  and  ancient  schiiU,  together  with  included  ma 

4  Old  Red  aandgtone,  and  ea  Carboniforoua,  together  with  eruptive  maasea,  w     

or  Carbon iferoiiH  ia  Htill  a  matter  of  opinion  ;  Ir  Triaa  ;  J^  Jurassic;  Tertiary  Mjptlw* n^ m 
shown  Hade.     (The  thrust-piano  which  forma  the  eastern  boundary  of  tha  F  "   ' " 
ia  not  completely  indicated.) 
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In  the  neighbourhood  of  Durness,  that  is  in  the  north-west,  the 
Cambrian  beds,  probably  2,000  feet  thick,  folded  and  transversed  by  faults, 
rest  upon  the  gneiss.  Another  range  of  gneiss  advances  towards  the  sea, 
and  alflo  bears  in  the  east  a  patch  of  Cambrian.  Then  the  country  breaks 
up  on  the  southern  shore  of  loch  Eriboll  into  numerous  flakes  of  gneiss  and 
Cambrian,  the  thrust-planes  of  which  dip  to  south-east  and  east-south-east, 
and  thus  reveal  a  considerable  tangential  movement  from  this  direction. 
Above  these  smaller  flakes,  and  overthrust  from  this  same  direction,  that 
IB  from  the  east-south-east,  lies  a  mass  of  ancient  gneiss,  with  a  maximum 
thickness  of  400  feet.  This  overlies,  on  a  great  plane  of  reversed  faulting 
(thrust -plane  of  the  Scotch  geologists),  all  the  various  stages  of  the 
Cambrian  one  after  the  other,  as  they  appear  in  succession  in  the  smaller 
flakes.  A  patch  of  this  overthrust  mass  of  gneiss,  separated  from  it  by 
denudation,  lies  isolated  on  the  Cambrian  in  the  north-west  of  Ben 
Amaboll. 

"East  of  Whitten  head,  at  the  mouth  of  loch  Eriboll,  there  follows 
a  second  and  yet  vaster  overthrusting  of  gneiss,  which  may  be  followed 
for  many  miles  to  the  south-south-west — a  second  master-flake,  so  to 
q>eak»  superposed  on  the  first. 

So  far  we  have  traced  the  overthrusts  for  a  distance  of  90  miles  to 
tiie  south-south-west,  and  an  isolated  exposure  of  gneiss  over  Cambrian 
in  the  west  reveals  a  tangential  movement  of  the  great  gneiss  flakes  to  the 
extent  of  at  least  10  miles.  It  is  obvious  that  on  these  immense  surfaces 
of  movement  a  really  extraordinary  amount  of  gliding,  grinding,  scoring, 
rolling  out  and  manifold  alteration  of  the  rocks  must  have  occurred. 

Above  the  edges  of  a  system  of  smaller  flakes,  which  assumes  the 
form  of  a  unilaterally  compressed  trough,  other  much  larger  flakes  have 
been  driven  in  an  almost  horizontal  direction  for  a  distance  of  at  least 
10  miles.  The  movement  came  constantly  from  the  east-south-east.  Such 
theai  is  the  appearance  presented  by  the  base  of  the  outer  border  of  a  lofty 
mountain  chain,  when  completely  levelled  down  by  denudation.  The  gneiss 
of  the  Hebrides  lies  in  front  of  it,  like  Bohemia  before  the  eastern  Alps. 
All  these  great  movements  however  are  older  than  the  lower  part  of  the 
Devonian  red  sandstone,  and  fragments  of  the  ancient  mountain  chain  are 
included  in  the  breccias  and  conglomerates  of  this  formation. 

This  zone  of  overthrusting  we  will  designate  for  brevity  *  the  Eriboll 
zone  of  overthrvst!  Judging  from  its  lie  and  position  it  corresponds  to  the 
great  dislocation  which  in  the  extreme  north  separates  the  table-land  of 
Norway  from  the  western  zone  of  gneiss. 

To  the  south-east  of  the  Eriboll  zone  the  Scotch  highlands  extend  as 
far  as  a  line  of  fracture  which  runs  from  near  the  mouth  of  the  Clyde 
across  the  south  part  of  loch  Lomond,  and  then  across  the  whole  country, 
keeping  a  north-east  direction  till  it  reaches  the  east  coast  at  Stonehaven. 
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This  fracture  sharply  bounds  the  highlands  on  the  south-east,  and  th^  « 
divided  in  the  middle  by  a^  parallel  fracture  which  runs  from  loch  liimk 
right  across  the  country,  and  is  continued  parallel  to  the  north  oout  d  I 
the  Moray  firth.  The  first  line  ftiarks  the  south  border  of  the  Grampim 
the  second  is  the  line  of  the  Great  Glen.  The  latter  cuts  ao  deeply  into  Ik 
country  that  it  has  rendered  possible  the  construction  of  the  Caledonni 
canaJ. 

The  two  moieties  of  the  Scotch  highlands  are  formed  principally  of 
Silurian  beds,  thrown  into  folds  which  strike  to  the  north-east,  neidf 
parallel  to  the  zone  of  EribolL  These  are  the  inner  folds  of  the  dbik 
The  great  fractures  are  therefore  longitudinal  fractures  inrhich  run  witt 
the  strike.  On  the  eroded  surface  of  these  ancient  mountains,  on  its  alopi 
and  in  its  hollows,  lies  the  Old  Red  sandstone,  preserved  from  destmctioDi) 
the  present  day,  in  some  places  as  originally  superposed,  in  others  own| 
to  subsidence. 

We  see  it,  as  it  extends  from  the  bottom  of  the  Great  Glen  to  the  noitb' 
east,  bordering  both  shores  of  the  Moray  firth,  then  broadening  out  over 
Caithness,  and  passing  out  to  sea  from  this  northernmost  extremity  of 
Scotland  to  form  the  Orkney  islands.  It  is  still  visible  on  the  south-etfk 
side  of  the  Shetland  group,  and  thence  is  continued,  as  Geikie  belieT« 
along  the  Sogne  fjord  or  the  Dais  fjord. 

South  of  the  Great  Glen  granitic  intrusions  increase  in  number.  In 
this  region  we  find  that  the  ridges  which  trend  towards  Ireland  correspood 
in  direction  with  the  strike  of  the  ancient  formations  which,  as  matter  of 
fact,  do  indeed  find  their  continuation  in  the  north  of  that  island.  Finallf, 
as  we  reach  the  Clyde,  we  encounter  the  faulted  boundary  of  the  highlanck 

All  the  country  south  of  this  fracture,  about  as  far  as  Qirvan  on  the 
firth  of  Clyde  and  Dunbar  on  the  firth  of  Forth,  is  known  as  the  Centnl 
lowlands.  This  is  the  richest  part  of  Scotland;  here  lie  Edinbux]^ 
Glasgow,  and  the  coalfields.  It  is  a  trough ;  the  southern  edge  is  s^ 
up  by  numerous  fractures,  and  consequently  does  not  contribute  so  con- 
tinuous a  feature  to  the  landscape  as  the  northern  edge.  The  trougbis 
filled  with  subsided  masses  of  Devonian  red  sandstone,  and  the  varioos 
stages  of  the  Carboniferous,  which  elsewhere  have  been  s'wept  awiy 
over  vast  areas,  leaving  exposed  the  Silurian  horsts  on  the  north  and  on. 
the  south.  The  constriction  of  Scotland  between  the  firth  of  Clyde  and 
the  firth  of  Forth  corresponds  to  the  trough,  while  the  horsts  project  to 
north-east  and  south-west  into  the  sea.  The  subsidence  would  &id  yet 
clearer  expression  in  the  configuration  of  the  land  were  it  not  that 
eruptive  rocks,  in  particular  porphyries,  accompany  the  down-thrown 
sediments,  and  these  rise  in  hills  above  their  surroundings  owing  to  tli6 
greater  resistance  they  ofier  to  denudation. 

We  will  now  pass  to  a  consideration  of  the  south  edge  of  the  troo^ 
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On  the  south  a  second  Silurian  horst  is  seen,  which  recalls  in  many 
respects  the  highlands.  The  Lammermuir  hills  and  the  Hoorfoot  hills 
in  the  north-east  belong  to  its  outer  part.  Fractures  are  numerous,  but 
not  as  it  would  appear  continuous,  and  sinking  movements  have  taken 
place  here  at  various  times.  A  few  are  certainly  older,  others  just  as 
eertainly  younger,  than  the  Carboniferous  period. 

The  principal  fracture  in  the  central  region  is  overlaid  and  covered  up 
towards  the  north-east  by  the  Coal-measures  of  Midlothian.  Along  this 
fracture  the  whole  thickness  of  the  Old  Bed  sandstone  amounting  to  at  least 
15,000  feet  is  let  down  in  the  middle  of  the  country.  In  this  region  the 
dislocation  is  certainly  older  than  the  Carboniferous  of  Midlothian,  which 
rests,  south-east  of  the  fracture,  directly  upon  Silurian;  thus  before  the 
deposition  of  the  Carboniferous  limestone  the  Old  Red  sandstone  was  not 
only  faulted  down,  but  its  whole  thickness  was  removed  by  erosion.  Never- 
theless, subsequent  movements  have  also  affected  the  Ccurbonif erous.  At 
the  same  time,  the  fault  in  this  region  has  so  little  effect  on  the  surface  of 
the  country  that  it  is  crossed  by  several  river  valleys ;  and  thus  the  Nith, 
a  little  river  which  rises  in  the  southern  Silurian  horst,  flows  across  the 
great  fracture  into  the  sunken  region,  makes  a  bend  near  New  Cunmock 
in  the  Carboniferous,  returns  across  the  fracture  into  the  Silurian  and 
finally  flows  into  the  Solway,  having  thus  completely  traversed  the 
southern  horst  ^. 

Thus  geology  points  to  subsidences  in  the  midst  of  the  mainland  which 
may  attain  in  a  single  fault  the  mean  depth  of  the  Atlantic  Ocean,  and 
yet  this  fault  manifests  itself  so  little  in  the  landscape  that  a  mere 
thread  of  water  such  as  the  Nith  pursues  its  winding  course  undisturbed 
across  it. 

In  the  north-east,  on  Dornoch  firth  and  on  the  south  side  of  Moray 
firth,  patches  of  Mesozoic  and  in  particular  of  Jurassic  rocks  occur  close 
to  the  sea,  separated  by  faults  from  the  ancient  highlands  behind  them. 
Judd  has  described  these  rocks  in  detail  ^.  They  are  downthrown  fragments ; 
one  of  them  forms  the  Jurassic  coalfield  of  Brora  on  the  coast  of  Sutherland. 
The  lines  of  subsidence  correspond  here  to  the  course  of  the  coast  and  are 
almost  parallel  to  the  Great  Olen.  Where  the  line  of  the  Great  Glen 
itself  is  continued  along  the  north  shore  of  Moray  firth  to  the  sea,  some 
downthrown  patches  of  Mesozoic  lie  against  it.  Other  patches  lie  on 
the  south-east  side  of  the  same  firth.  In  the  highlands  Mesozoic  deposits 
have  furnished  abundant  material  to  the  ancient  glacial  ddbris,  and  on 
the  west  side,  e.g.  on  Skye,  they  remain  preserved  from  denudation 
beneath  the  basaltic  sheets  in  patches  of  considerable  size.    Judd  rightly 

^  Peach,  Mem.  Geol.  Snrv.  Scotland ;  Explanation  of  Sheet  15,  8vo,  1871,  pp.  7  and  37. 
*  J.  W.  Judd,  The  Secondary  Rocks  of  Scotland ;  Quart.  Joum.  Geol.  Soc,  1878,  XXIX, 
p.  113  et  8eq.,  pi.  vii  (cf.  I,  p.  206). 
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concludes  that  they  must  once  have  covered  the  greater  part  of  ik 
highlands  and  that  great  subsidences  must  have  oeeurred  even  after  tb 
Mesozoic  period. 

These  downthrown  patches  of  Mesozoic  beds  increase  the  resmiUiaB 
of  the  highlands  to  the  horsts  of  the  Rhine,  but  we  must  obaerve  ib 
the  subsidence  faults  in  Scotland  are  true  longitudinal  fiuilta  in  tb 
direction  of  the  ancient  folding,  while  in  the  Voeges  and  the  BU 
Forest  the  folds  are  cut  through  obliquely  by  the  fiinlts  of  the 
valley  \ 

Shetland  and  the  Orkneys,  the  Scotch  highlands  together  with  ik 
trough  of  the  lowlands,  and  the  southern  horst,  must  be  regarded  as  it 
continuation  of  the  folded  mountains  of  Norway.  The  sea  which  sepuitai 
Scotland  from  Norway  lies  on  a  downthrown  segment  of  these  momitiia 
as  is  shown  by  the  mighty  fractures  of  the  Scotch  coast.  These  f» 
Devonian  mountains,  which  proceed  from  Norway  and  form  the  wkkl 
of  Scotland,  together  with  their  overthrust  outer  border  along  the  kkL 
of  Eriboll,  we  call  the  Caledonian  mountains. 

In  Scania  many  movements  may  be  shown  to  have  taken  place  a&r 
the  Cretaceous  period.  In  Scotland  we  observe  subsidenoesy  some  oE 
which  are  very  ancient,  and  others  which  are  post-CretaceouSy  probabif 
even  post-Tertiary,  in  age;  Judd  indeed  believes  that  the  sepuationof 
Scandinavia  from  Scotland  took  place  in  comparatively  reoent  tuna 
perhaps  even  after  the  appearance  of  man.  A  curious  fact  may  be  cibi 
in  support  of  this  view.  Peach  and  Home  have  found  that  the  Shetliii 
islands  are  everywhere  polished  by  ice,  and  that  the  glacial  striae  croiB  ik 
eastern  side  of  the  islands  from  the  north-east,  swing  round  to  the  noitk- 
west  on  reaching  the  central  axis,  and  proceed  in  tins  direction  acrontb 
western  side  of  the  islands  to  the  Ocean.  Thus  a  continuous  sheet  of  ke 
coming  from  Scandinavia  must  have  moved  transversely  across  thfltt 
islands  \ 

The  Caledonian  mountains  are  continued  through  a  great  part  of  Ireli^ 
and  Wales. 

Ireland  includes  mountains  of  very  various  structure.  In  the  natk 
rise  the  ridges  of  Donegal,  readily  recognized  as  the  prolongation  of  tk 
mountains  of  Scotland ,  the  strike  is  the  same  in  both.    They  reappear  ii 

'  In  this  way  Lepsius  explains  the  subsidences  of  Saveme  and  in  the  Kxaichgu; 
R.  Lepsius,  Die  oberrheinische  Tiefebene  und  ihre  Randgebirge ;  FonchungeB  flr 
deutschen  Landes-  und  Yolkskunde,  herausg.  v.  R.  Lehmann,  I,  2.  Heft,  1885,  p,  H 
The  fi&ult-lines  strike  out  along  Dornoch  and  Moray  firth  in  the  same  manner  at  ftboR 
which  proceed  from  the  west  border  of  the  Bohemian  mass  towards  Bavaria. 

'  B.  N.  Peach  and  J.  Home,  The  Glaciation  of  the  Shetland  Isles ;  Quart.  Jonta 
Geol.  Soc.,  1879,  XXXY,  pp.  778-811,  and  geological  map.  The  authorB  auppoM  tfait 
the  sea  between  Scandinavia  and  the  Shetlands  was  completely  displaced  1^  tke 
ice  mass. 
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Mayo  and  on  the  north  side  of  Galway  bay.  In  like  manner  the  older 
formations  crop  out  in  the  south-east  of  the  island,  again  with  the  same 
strike  to  the  south-south-west ;  they  extend  through  Carlow,  Wicklow,  and 
Wexford,  and  theii^  folding  is  prior  to  the  deposition  of  the  Old  Bed 
Miidstone.  These  fragmente  of  the  pre-Devonian  Caledonian  mountaiiia 
are  united  together  by  a  broad  platform  of  flat-lying  Carboniferous  lime- 
stone, from  the  surface  of  which  the  Coal-measures  have  in  large  part  been 
ranoved  by  erosion ;  it  is  so  flat  that  from  Dublin  in  the  east  to  Oalway 
in  the  west  there  is  scarcely  an  elevation  which  attains  the  height  of 
260  feet. 

In  the  south  of  the  island  another  range  of  mountains  appecurs.  This  is 
yoonger ;  the  Old  Red  sandstone  and  the  Carboniferous  limestone  are  here 
thrown  into  long  folds,  which  strike  from  west  to  east,  but  are  deflected  in 
the  south-west 'comer  of  tiie  island  to  the  west-south-west.  The  various 
anticlinals  run  out  into  the  Atlantic  in  projecting  spurs,  while  the  synclinals 
form  deep  bays.  These  submerged  synclinals  follow  one  another  in  close 
succession  in  the  bays  of  Dingle,  Eenmare,  Bantry,  Dunmanus,  and  Crook, 
so  that  the  outline  of  the  south-west  coast  of  Ireland  is  entirely  determined 
by  folding  of  the  crust. 

On  the  peninsula  between  Dingle  bay  and  Eenmare  bay  an  anticlinal  of 
the  Old  Bed  sandstone  rises  in  Macgillicuddy  Reeks  to  form  the  highest 
peak  in  Ireland  (8,414  feet).  Near  the  lake  of  Eillamey  this  anticlinal  is 
completely  overfolded  to  the  north,  so  that  the  flat-lying  Carboniferous 
limestone  of  central  Ireland  is  found  here  together  with  pinched-in  Culm 
beds,  dipping  to  tiie  south,  beneath  the  Old  Red  sandstone. 

lliese  folds  and  overf olds  in  tiie  south  of  Ireland  also  strike  out  to  sea 
on  the  east  coast  of  Cork  and  in  Waterf ord.  They  are  only  a  part  of 
a  great  arcuate  range,  which  is  continued  from  here  towards  the  east  into 
Wales  and  England,  and  thence  still  further  into  Belgium  \ 

This  great  arc,  striking  from  east  to  west,  and  opposed  in  so  marked 
a  manner  to  the  older  Caledonian  folds  striking  to  the  south-south-west, 
we  wiU  designate  the  Armorican  arc :  we  here  meet  with  its  northern  border 
for  the  first  time:  the  contrast  between  it  and  the  Caledonian  folds  is 
eepeeitJiy  well  seen  in  the  south-east  of  Ireland,  as  in  the  counties  of 
Kilkenny  and  Carlow. 

Let  us  now  return  to  the  other  side  of  St.  George's  channel.  Moore  has 
shown  how  in  Wigtownshire,  on  the  south-west  coast  of  Scotland,  the 
rocks  of  the  Southern  Uplands,  thrown  into  steep  folds,  proceed  towards 
Uie  sea  between  Corswell  lighthouse  and  the  Mull  of  Galloway.  In  the 
north  of  this  coastal  region  the  greater  part  of  the  folds  are  overturned  to 

^  Hull,  Physical  Geology  and  Geography  of  Ireland,  p.  138.  A  section  through 
Ding^,  Eenmare,  and  Bantry  bay,  showing  a  great  fracture  in  the  first,  and  synclinals 
in  the  other  two  bays,  is  given  by  Kinahan,  Geol.  Mag.,  1879,  2nd  ser.,  VI,  p.  851. 
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the  north-west;  in  the  south,  on  the  other  hand,  to  the  soath-eaat;  aotinil 
an  imbricated  fan  structure  is  produced  ^ 

In  like  manner  the  gneiss  ridges  of  Anglesey  strike  acroas  the  iflkail 
to  the  south-west,  and  are  continued  on  the  south  coast  of  CamarvcHi  hf 
into  the  peninsula  of  Ueyn,  which  faithfnUy  follows  the  Caledoma 
direction.  These  parts  of  North  Wales  belong,  however,  as  shown  by  tiw 
strike,  to  a  part  of  the  Caledonian  region  lying  further  to  the  east  iha 
the  ranges  of  Carlow  and  Wexford  mentioned  above;  these,  it  is  tn^ 
are  followed  in  the  extreme  south-east  of  Ireland  near  Camsore  pont| 
south  of  Wexford  bay,  by  another  small  exposure  of  ancient  rocka 

The  folds  of  North  Wales,  like  those  of  Carlow  and  Wexford,  uel 
older  than  the  Old  Red  sandstone.  From  the  north  aide  of  Anj^ 
the  Carboniferous  limestone  extends  in  a  great  arc  along  tiie  boidvl 
of  the  folded  region,  so  that  throughout  the  east  of  Wales  it  rests  od  tk 
various  members  of  the  Silurian  formation;  it  is  aco(Hnpanied  by  a& 
continuous  band  of  Old  Red  sandstone  which  further  south  broadens  ci 
over  a  wide  area  in  Hereford  and  Brecknock^. 

We  have  now  reached  South  Wales,  that  region  in  which  we  may  set 
thanks  to  profound  erosion,  the  encounter  of  the  pre-Devonian  Galedoniti 
ranges,  striking  south-south-west  to  south-west,  with  the  more  recent  fol^ 
Carboniferous  Armorican  folds,  striking  east  to  east-south-east.  Hen 
I  follow  principally  the  description  given  as  early  as  1846  by  De  la  Bfiehe; 
this  I  cannot  mention  without  an  expression  of  deep  gratitude  to  the 
author,  now  long  since  dead,  since  it  exercised  many  years  a^  a  deeia?e 
influence  on  my  own  views  as  to  the  structure  of  great  mountain  nngtt 
Although  published  forty  years  ago,  this  description  is  inspired  by  ihm 
conceptions  of  the  formation  of  mountain  ranges  by  lateral  pressure,  anJ 
of  the  true  influence  of  granite  masses,  which  are  now  winning  their  mj 
step  by  step  to  general  acceptance  \ 

The  boimdary  line  between  the  Caledonian  and  Armorican  regions  mif 
be  recognized  with  comparative  ease  on  any  geological  map,  for  tiie  noift 
border  of  the  Armorican  range  coincides  with  the  south  border  of  the  ooil- 
field.  Leaving  Waterford  in  Ireland,  the  boundary  line  enters  St.  Bridsli 
bay,  Pembrokeshire,  with  a  strike  bent  a  very  little  from  east  to  eifli- 
south-east,  passes  across  the  upper  part  of  Caermarthen  bay,  then  aeroa 
Swansea  bay  to  the  broad  estuary  of  the  Severn  which  it  reaches  in  tb 
neighbourhood  of  Cardiff,  it  crosses  the  Severn  and  is  continued  on  tb 

^  J.  G.  Moore,  On  the  Silurian  Rocks  of  Wigtownshire ;  Quart.  Joom.  GteoL  Sod 
1856,  XII,  pp.  359-366. 

'  A.  G.  Ramsay,  The  Geology  of  North  Wales ;  Mem.  Geol.  Surv.  Great  Bzitaii. 
vol.  Ill,  1866,  p.  13. 

'  Sir  Henry  T.  de  la  Bdche,  On  the  Formation  of  the  Rocks  of  South  Wales  and  Sontk- 
west  England ;  Mem.  Geol.  Surv.  Great  Britain,  1846,  vol.  I,  pp.  1-296,  in  pmt^icaiBX, 
pp.  221-289 ;  cf  Entstehung  der  Alpen,  p.  16. 
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north  border  of  the  Mendip  hills.  Thus  it  is  only  the  southern  part 
of  the  three  promontories  on  the  north  coast  of  the  Bristol  channel  which 
belongs  to  the  Armorican  folds.  North  of  the  boundary,  the  rich  coal- 
fields of  St.  Bride's  bay  extend  in  the  form  of  a  narrow  compressed  zone 
to  Caermarthen  bay;  this  they  cross,  and  attain  on  its  further  side 
a  continually  increasing  breadth  until  they  spread  out  in  Glamorgan 
and  Monmouth  as  the  great  coalfield  of  South  Wales.  This  expansion 
corresponds  to  the  retreating  curve  of  the  northern  mountains — the 
continuation  of  the  Caledonian  hill-ranges  of  North  Wales ;  these  we  must 
now  consider  in  greater  detail. 

In  North  Wales  we  have  already  become  acquainted  with  the  typical 
Caledonian  strike  in  Anglesey  and  the  peninsula  of  Lleyn,  and  we  have  also 
seen  that  the  Caledonian  folding  is  older  than  the  Old  Bed  sandstone. 
The  Caledonian  folds  are  continued  through  Merioneth  and  are  sometimes 
directed  from  north  to  south,  but  in  Cardigan  they  make  a  bend  to  the 
south-west  which  becomes  more  and  more  marked  towards  the  south,  and 
beyond  the  town  of  Cardigan  towards  Fishguard  they  swing  completely 
round  into  the  Armorican  direction,  or  from  east  to  west ;  the  beds  are  then 
very  much  disturbed  both  in  a  horizontal  and  vertical  direction.  Here, 
'  in  the  northern  part  of  Pembrokeshire/  says  De  la  Beche, '  we  may  have 
the  complicated  forms  resulting  from  a  twist  of  the  rocks  in  a  new 
direction  over  an  older  one  ^/ 

St.  David's  head,  which  bounds  St.  Bride's  bay  on  the  north,  consists, 
according  to  A.  Oeikie,  of  an  anticlinal  of  Cambrian  rocks,  which  strikes  to 
the  south-west,  that  is  obliquely  across  the  peninsula,  and  is  overfolded  to 
the  south-east^.  The  predominance  of  a  trend  so  entirely  different  from 
that  of  the  Armorican  folds  is  very  remarkable.  Towards  the  interior  of 
the  country,  it  is  true,  the  overturned  south-east  side  assumes  a  vertical 
position;  but  towards  the  head  of  St.  Bride's  bay,  next  the  pinched-in 
band  of  Coal-measures,  great  fractures  and  disturbances  occur  in  the 
Cambrian  rocks  ^,  and  it  is  not  till  we  proceed  further  to  the  east,  where 
the  coalfields  of  Glamorganshire  broaden  out,  that  we  first  see  with  some 
distinctness  a  deflexion  from  the  Caledonian  to  the  Armorican  direction. 
Here,  according  to  De  la  B^he,  the  great  coalfield  forms  three  anticlinals 
which  strike  to  the  south-west,  but  towards  the  south,  these  are  succeeded 
by  others  which  strike  from  east  to  west.  This  might  well  be  a  case  of 
syntaxis,  such  as  we  have  already  studied  in  the  anticlinals  of  the  foot- 

*  Op.  cit,  p.  223. 

'  A.  Geikie,  On  the  supposed  Pre-Cambrian  Rocks  of  St.  David*8 ;  Quart.  Joum.  Geol. 
Sec.,  1883,  XXXIX,  pp.  261-333,  map,  p.  268 ; — ^granite  crops  out  from  the  overturned 
limb.  On  the  other  hand  Hicks,  On  the  Pre-Cambrian  Rocks  of  Pembrokeshire ;  op. 
cit,  1884,  XL,  pp.  507-560,  map,  where  the  presence  of  Archaean  rocks  is  maintained. 

'  J.  £.  Marr  and  T.  Roberts,  The  lower  Palaeozoic  Rocks  of  the  Neighbourhood 
of  Haverfordwest ;  Quart.  Joum.  Geol.  Soc.,  1885,  XLI,  pp.  476-491,  pi.  x?. 
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hills  of  the  Him&laya  and  of  the  Hindu  Eruah  on  the  Jehlam.  But  (ks 
are  other  tectonic  features,  particularly  in  Ireland,  which  show  thttn 
have  here,  not  a  case  of  syntaxis  as  on  the  Jehlam,  bat  the  eneoaitar 
of  a  younger  arc  with  an  older  folded  system,  reaemUioig^  imther  At 
encounter  of  the  Carpathians  and  the  Sudetes  in  Silesia  and  north  Moim 

We  will  not  enter  in  detail  into  the  structure  of  Hereford  and  Gloiioata 
but  turn  our  attention  to  the  south. 

7.  The  Armorican  Trumntains,  We  have  seen  that  in  the  aooth  i 
Ireland  the  Devonian  and  Carboniferous  beds  are  thrown  into  great  fxik 
which  in  the  south-west  of  Cork  strike  to  the  weet-sonth^west^  bi 
elsewhere,  in  Cork,  Kerry,  and  Waterf ord,  from  east  to  west,  these  folds  m 
sometimes  overf olded  to  the  north,  and  they  crop  out  again  towaids  tk 
east  in  South  Wales.  We  there  traced  their  northern  boundary  fm 
St  Bride's  bay,  along  the  south  border  of  the  great  ooalfieldB,  aerai 
Caermarthen  bay  and  Swansea  bay  to  the  neighbourhood  of  Cardiff  <b 
the  lower  Severn.  This  line  is  distinguished  near  Tenby  in  Caennartlia 
bay,  and  in  Swansea  bay,  by  overthrust  inversion  of  the  Goal-measuFBi; 
all  the  country  visible  to  the  south  of  it,  namely  the  three  peninsulas  a 
the  north  side  of  the  Bristol  channel,  consists,  like  the  folds  of  Iiehal 
of  anticlinals  and  synclinals  of  Old  Red  sandstone  and  Carboniferous  Uac 
stone,  in  so  far  as  they  are  not  concealed  by  patches  of  the  tranagresavt 
covering  of  younger  sediments  which  begins  here.  This  tranagresiivt 
series  commences  with  the  Permian  and  includes  more  to  the  east  At 
whole  Mesozoic  series. 

The  direction  of  the  northern  boundary  of  the  Armorican  system  andd 
its  folds  themselves  is  here  east  and  a  little  south,  and  the  oontinoationof  tk 
bands  of  Carboniferous  limestone  across  the  Bristol  channel  is  maAed  If  I 
rocky  islands,  such  as  the  Steep  Holme,  for  example.  This  islet  was  rightl| 
recognized  by  Buckland  and  Conybeare,  in  the  year  1824,  as  the  fragnMil 
of  a  fold  overturned  towards  the  north.  These  keen-sighted  observers  abo 
perceived  that  the  island  of  Flat  Holm,  lying  a  little  to  the  north  of  tb 
Steep  Holme  and  likewise  formed  of  Carboniferous  limestone,  is  a  flit 
anticlinal  striking  north-east  towards  the  peninsula  of  Brean  Down;  iR 
can  therefore  no  longer  assign  it  to  the  Armorican  folds  K 

^  W.  Buckland  and  W.  D.  Conybeare,  Observations  on  the  Soutli-ireft  Coal  Dutiiel 
of  England,  Trans.  Geol.  Soc,  1824,  2nd  ser.,  II,  pp.  214-232;  figure  of  the  inveitai 
stratification  on  Steep  Holme,  p.  233.  The  peculiar  manner  in  which  the  moimtui 
chains  meet,  the  rectilinear,  south-westerly  strike  in  north  Wales,  and  the  bend  to  tke 
south-west  which  the  Silurian  zone  presents  near  St.  Bride*s  bay  may  be  aeon  cs 
Ram8ay*s  general  map,  Geology  of  North  Wales,  Mem.  Geol.  Surv^  1866,  voL  IE 
A  slight  deviation  in  north  Wales  from  a  south-west  or  southHMuth-westerij  dizecto 
to  one  somewhat  more  southerly  is  shown  in  the  diagrammatic  sketch  of  the  dizeciioai 
of  strike  given  by  Larivi^re,  Notes  d*un  voyage  aux  ardoisi^res  du  Pays  de  Galles,  Abd. 
des  Mines,  1884,  8«  s^r.,  VI,  pi.  xiii,  fig.  1. 
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Thus  the  Steep  Holme,  situated  north  of  Bridgwater  bay,  leads  us  to  the 
long  anticlinal  of  the  Mendips,  which  extending  from  the  sea-coast  towards 
FVxune  forms  the  most  northerly  of  the  Armorican  antidinals.  It  consists 
of  Carboniferous  limestone  through  which  the  Old  Bed  sandstone  makes  its 
appearance  in  four  exposures.  In  its  eastern  part  the  arching  passes  into 
overfolding  to  the  north;  the  Coal-measures  lying  in  front  of  it  on  the 
north  are  crumpled  up  in  zigzags,  aifd  dip  towards  the  south  beneath  the 
anticlinal  of  Carboniferous  limestone.  The  lie  of  the  beds  bears  so  strong 
a  resemblance  to  that  of  the  Belgian  Coal-measures,  also  overfolded  from 
the  south,  that,  as  early  as  1824,  Buckland  and  Conybeare,  availing 
themeelves  of  the  descriptions  given  by  Omalius  d'Halloy,  compared  the 
eastern  part  of  the  Mendips  with  the  neighbourhood  of  Namur  and  Liittich  \ 

Near  Frome  the  Carboniferous  disappears  beneath  the  Cretaceous,  but 
the  anticlinal  of  the  Mendips  is  continued,  as  we  shall  see,  in  the  form 
of  a  much  more  recent  anticlinal  towards  the  east.  South  of  the  Mendips, 
at  the  head  of  Bridgwater  bay,  lies  alluvial  land  with  patches  of  Mesozoic, 
but  soon  there  rises  in  the  south-west  the  extensive  Devonian  region  which 
forms  west  Somerset,  Devonshire  and  Cornwall. 

This  great  peninsula  belongs  entirely  to  the  Armorican  folds,  and  the 
strike  of  the  Devonian  and  Carboniferous  beds,  of  which  it  is  chiefly  formed, 
corresponds  precisely,  especially  in  the  northern  region,  to  that  of  the 
Mendips.  It  presents  on  the  north  a  zone  of  Devonian  rock,  which  strikes 
from  Bridgwater  and  the  Quantock  hills  towards  Lundy  island,  the 
northern  half  of  this  island  being  formed  by  an  intrusion  of  more  recent 
granite ;  then  follows  a  broad  central  zone,  in  which  the  Culm  beds  attain 
a  considerable  development,  and  last  a  southern  Devonian  zone,  which 
includes  the  greater  part  of  the  south  coast  of  the  peninsula  and  the 
southern  half  of  its  Atlantic  coast.  This  southern  Devonian  zone  is  marked 
by  a  series  of  great  post-Carboniferous  granite  bosses.  The  most  easterly 
and  extensive  of  these  forms  Dartmoor  forest,  south-west  of  Exeter;  a 
second  lies  west  of  Liskeard,  a  third  north  of  St.  Austell,  a  fourth  west  of 
Falmouth ;  the  larger  mass  which  follows  forms  the  extreme  end  of  the 
peninsula  as  far  as  Land's  End,  and  the  SciUy  isles  are  the  summits 
of  another  granite  mass  covered  by  the  sea  ^ 

^  Tom.  cit.,  p.  220 ;  for  the  Mendips  in  particular,  G.  Moore,  On  Abnormal  Conditions 
of  Secondaiy  Deposits  when  connected  with  the  Somersetshire  and  South  Wales  Coal 
Badn,  Quart.  Joum.  GeoL  Soc.,  1867,  XXIII,  pp.  44^568,  in  particular  p.  451  et  seq. ; 
H.  B.  Woodward,  G^logy  of  the  East  Somerset  and  the  Bristol  Coalfields,  Mem.  GeoL 
SuTw.  England  and  Wales,  1876,  pp.  22, 190  et  seq.  Attempts  to  explain  the  inversion 
of  the  Coal-measures  by  the  method  adopted  in  this  work  have  only  led  to  far  greater 
complications ;  cf.  H.  B.  Woodward,  Remarks  upon  Inversions  of  Carboniferous  Strata 
in  Somersetshire,  Gool.  Mag.,  1871,  VIII,  pp.  149-154. 

'  A.  Sedgwick  and  R.  I.  Murchison,  On  the  Phjrsical  Structure  of  Devonshire ;  Trans. 
Oeol.  Soc.  1840,  2nd  ser.,  V,  pp.  638-704,  pi.  Mviii,  map.     The  Devonian  of  north 
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The  granite  masses  cause  considerable  local  distnrfaanceB  in  the 
which  otherwise  faithfully  follows  the  curve  of  the  Armorican  folds, 
the  west  of  Liskeard  down  to  the  Scilly  isles  the  series  of  granite 
is  directed  more  to  the  south-west  than  we  should  have  expected 
the  strike  of  the  folds  in  the  Bristol  channel,  and  it  has  therefore 
supposed  that  they  are  independent  of  the  strike.    Bat  the  slight  devil 
to  the  south-west  corresponds  to  the  similar  deviation  in  Code,  e.g.E| 
Bantry  bay,  and  this  shows  that  the  vertex  of  the  Armorican  arc  lies  betras 
Ireland  and  Wales  or  in  Pembrokeshire.     Further  we  shall  see  sool  tbi 
the  two  granite  masses  of  the  Harz,  which  are  precisely  analogous  totks 
of  Cornwall,  are  by  no  means  disposed  according  to  the  strike.    De  lafie^ 
conjectured  the  existence  of  a  subterranean  connexion  between  the  gmtt 
masses,  and  with  admirable  sagacit}''  recognized,  as  early  as  184C,  titt| 
it  was  not  by  their  ei*uption  the  mountains  had  been  upheaved,  botiil 
a  consequence  of  a  much  more  general  force  which  at  the  same  int\ 
manifested  itself  in  folding. 

South  of  the  series  of  granite  masses,  along  the  south  edge  of  tk 
southern  Devonian  zone,  Archaean  rocks  crop  out  on  the  south  oois 
in  two  restricted  areas  at  the  Lizard  in  the  west  and  Prawle  Foifi 
(south  of  Dartmouth)  in  the  east.  These  rocks  form  the  foundation  < 
the  Devonian  mountains,  though  in  the  south  these  also  include  Siloziii 
deposits.  In  the  first  locality,  or  the  Lizard,  hornblende  schists  aat 
serpentine  are  visible ;  in  the  second  at  Prawle  Point,  chloritic  schists  ui 
mica  schists.  At  the  Lizard  the  strike  is  south-west,  corresponding  to  thtf 
of  the  south-west  of  Ireland  and  of  the  series  of  granite  masses;  ^ 
Prawle  Point  it  is  directed  east  and  west.  Between  these  t'vro  places  leefc 
of  rock  rise  from  the  sea,  one  of  which  bears  Ekidy stone  lighthouse: 
these  consist  of  gneiss. 

Let  us  now  attempt  to  obtain  a  general  view  of  the  mountain  fragmot 
of  south-west  England.  The  most  ancient  foundation  is  seen  in  the  sooth 
as  the  gneiss  of  the  Eddystone.  This  is  followed  by  fragments  of  a& 
ancient  mantle  of  schists,  the  hornblende  schists  of  Lizard  Point  in  the 
west,  and  the  chloritic  and  mica  schists  of  Prawle  Point  in  the  east.  'Thus 
we  reach  the  great  southern  zone  of  Devonian,  with  subordinate  bands 
of  Silurian,  which  encloses  the  long  series  of  granite  masses  extending 
from  the  Scilly  isles  to  Dartmoor;   then  further  to  the  north   fblloKS 

Devon,  which  forms  the  south  coast  of  the  Bristol  channel,  is  formed  of  beds  regnkrij 
inclined  to  the  south,  which  dip  beneath  the  Culm  of  the  synclinal,  but  immedii^ly  ib 
front  of  the  east  boundaiy  of  the  horst  they  experience,  evidently  owin^  to  a  locil 
advance  of  the  mountains,  a  sigmoid  flexure  of  the  strike  towards  the  north,  and 
in  front  of  this  east  boundary  stand,  as  a  fairly  independent  fragment^  the  Quaatock  hilli, 
in  which  the  elbow  is  continued.  But  the  return  to  the  normal  direction  of  thfr 
Mendips  takes  place  deep  below  the  ground  and  is  invisible.  These  relations  are  veiy 
clearly  shown  on  the  map  by  Etheridge,  Quart.  Joum.  Geol.  Soc,  1867,  XXIII,  p.  580. 
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the  broad  Chilm  zone,  then  the  north  Devonian  zone  as  far  as  the  Bristol 
channel.  At  the  same  time  all  these  mighty  deposits  are  thrown  into 
narrow  parallel  folds,  which  are  frequently  overturned  to  the  north, 
especially  in  Somerset  Then  still  further  to  the  north  there  follows  the 
anticlinal  of  the  Mendips  (beneath  which  the  inverted  Coal-measures  dip 
to  the  south),  and  the  western  prolongation  of  the  Mendips,  which  extends 
as  far  as  St  Bride's  bay. 

Such  is  the  structure  of  a  great  fended  complex,  developed  under 
a  pressure  acting  from  the  south.  With  perfect  justice  Bonney  remarks 
that  this  great  series  of  folds  scarcely  yields  in  importance  to  the  existing 
chain  of  the  Alps,  and  he  compares  the  gneiss  of  the  Eddystone  with  the 
gneiss  cores  of  the  Alps^.  What  we  see  here  is  the  ruins  of  a  mighty 
mass  of  lofty  mountains ;  the  Lizard  and  Prawle  Point,  the  last  remains 
of  the  schist  zone,  project  like  cape  Matifou  and  the  peninsula  of  Bonzar^ 
on  the  two  sides  of  the  bay  of  Algiers  (I,  p.  223). 

Bonney  believes  that  the  foundation  of  this  great  mountain  region  is 
continued  in  the  ancient  rocks  of  the  neighbouring  parts  of  northern 
France,  and  to  these  we  will  now  turn  our  attention. 

The  north-west  of  France  is  formed  of  Archaean  and  Palaeozoic  rocks ; 
they  form  the  soil  of  Brittany  and  extend  from  the  Cotentin  into  the 
Vend^.  Towards  the  east  and  south  their  continuation  is  concealed  by 
Jurassic  beds.  The  eastern  boundary  of  their  outcrop  runs  from  the  east 
side  of  the  Cotentin  to  Alen9on,  and  thence  southwards  through  Angers 
to  Fartenay  and  Saint-Maixent,  north-east  of  Niort.  In  this  region  the 
boundary  turns  in  a  right  angle  to  the  west,  and  reaches  the  sea  north 
of  La  Bochelle,  near  Les  Sables  d'Olonne. 

The  strike  of  these  older  rocks  is  directed  to  the  west-north-west  with 
deviations  to  west  and  north-west,  and  in  the  western  parts  of  Brittany 
the  westerly  direction  appears  to  predominate.  A  glance  at  the  excellent 
but  somewhat  antiquated  map  of  £lie  de  Beaumont  and  Dufr^noy  shows 
us  that  the  peninsula  of  the  Cotentin  is  a  fragment  of  a  great  horst,  like 
the  Morvan  or  the  Thiiringerwald,  and  that  the  strike  runs  transversely 
across  it  from  east  to  west,  while  the  lie  of  the  great  Armorican  peninsula 
corresponds  with  the  strike. 

Much  has  been  written  on  this  part  of  the  country:  Dalimier  has 
described  the  Cotentin;  for  Normandy  I  may  mention  the  works  of 
Barrois,  Hubert  and  Ldbesconte.  It  is  above  all  Barrois  who  has  devoted 
particular  attention  to  the  tectonic  problems,  and,  supplementing  the  earlier 
investigations  of  Boblaye,  has  elucidated  the  structure  of  the  country  '^. 

*  T.  G.  Bonney,  On  the  Geology  of  the  South  Devon  Coast  from  Torcross  to  Hope 
Cove  ;  Qnart  Jonm.  Geol.  Soc,  1884,  XL,  pp.  1-25,  in  particular  p.  24. 

'  P.  Dalimier,  Stratigraphie  des  terrains  primaires  dans  la  presqulle  du  Cotentin,  8^, 
Paris,  1871 ;  C.  Barrois,  Observations  sur  la  constitution  g^logiqoe  de  la  Bretagne,  Ann. 
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The  whole  region,  extending  thrdtigh  three  degrees  of  lafcttode,i 
thrown  into  nearly  parallel  folcLs.  Here  also  the  most  important  foUi^l 
occurred  within  the  Carboniferous  period. 

There  are  two  great  anticlinals  and  a  number  of  sabordinate  ones.  Tk\ 
northern  of  the  two  great  anticlinals  forms  the  pAiinsola  to  the  nooAd 
Brest,  with  the  Montagues  d'Arr^,  and  extends  as  far  as  the  Jarasneni 
Alenfon,  its  northern  flank  nearly  coinciding  with  the  north  coflifti 
Brittany;  it  consists  chiefly  of  Archaean  rocks,  which  are  freqnodf 
traversed  by  granite.  The  southern  great  anticlinal  is  formed  of  Camlni 
beds,  and  is  penetrated  in  many  places  by  granite ;  it  forms  the  Poiniiei; 
Raz,  the  most  southerly  of  the  three  spurs  which  Brittany  sends  d 
towards  the  Ocean,  comprises  the  Morbihan,  and  runs  past  Vannesal 
Nantes.  Between  these  two  great  anticlinals  and  to  the  north  and  nA 
of  them,  numerous  folds,  crowded  together,  run  side  by  side  almost  iD  tk 
same  direction ;  in  these  also,  e.  g.  near  Rostrenen,  north  of  the  MqeUa 
post-Carboniferous  granites  have  been  intruded. 

It  is  a  significant  fact  that  the  first  of  the  northern  synclinsls^  tti 
Bassin  de  Mortain,  which  crosses  the  Cotentin  peninsula  north  of  AIcdjoi 
passing  through  Domfront  and  Mortain,  does  not  terminate  on  the  ooi< 
in  the  Baie  de  Cancale,  but  according  to  Barrois  it  reappears  more  to  tk 
west  on  the  north  coast  of  Brittany  at  cape  Frehel,  and  then,  keeping  tk 
same  direction,  runs  towards  Paimpol  and  traverses  the  northern  extremi^ 
of  Brittany. 

On  the  west  coast,  the  northern  anticlinal  is  continued  into  the  iaiiil 
of  Ouessant,  and  the  southern  passes  from  Quimper  across  Pointe  du  Bii 
into  the  little  lie  de  Sein ;  between  these  two  great  anticlinals  there  in 
a  broad  synclinal,  which  includes  the  various  members  of  the  Palfleowir 
series  from  the  Silurian  to  the  Carboniferous.  It  embraces  many  sob- 
ordinate  folds,  and  extends  from  Laval  on  the  Mayenne  westwards  to  tin 
sea.  To  this  principal  synclinal  belongs  the  irregular-shaped  spur  lAiA, 
south  of  Brest,  projects  towards  the  Ocean  between  its  two  oompanioDB  tf 
the  north  and  south. 

The  whole  country  is  thus  folded  in  the  same  direction  as  the  aoott 
of  Ireland  and  England,  and  speaking  broadly  the  folding  was 


Soc.  g^ol.  Nord,  1888-1884,  XI,  pp.  87-91  and  278-285 ;  by  the  aame»  La  stractnn 
stratigraphique  des  montagnes  du  Menez,  op.  cit.,  1885,  XIII,  pp.  65-71 ;  1^  the  wn^ 
Aper^u  de  la  structure  g^ologique  du  Finist^re,  Bull.  Soc.  g^ol.  de  Fr.,  1880,  8*  ffrt 
XIV,  pp.  655-665,  and  Aper9u  de  la  conBtitution  g^ologique  de  la  lade  de  Bzesti  toM> 
cit.,  pp.  678-706  et  passim ;  E.  Hebert,  Phyllades  de  Saint-lid  et  conglomtoUs  ponipA 
dans  le  Nord-Ouest  de  la  France,  torn,  cit.,  pp.  713-774,  and  Observationi  ear  lee  gnmptf 
s^mentaires  les  plus  anciens  du  Nord-Ouest  de  la  France,  Compt.  Bend.,  1886.  Cm, 
pp.  280-235,  303-308,  and  367-371 ;  P.  L^besconte,  Constitution  g^n^iale  da  m$mi 
breton  comparee  k  celle  du  Finistere,  Bull.  Soc.  geol.  de  Fr.,  1886,  8*  s^r.,  XIV,  pp.  776* 
819  et  passim. 
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plifihed  in  both  regions  at  the  same  time.  In  breadth  tiiis  great  folded 
r^on,  now  broken  up,  extends  from  the  Mendips  into  the  Vend^ 

In  the  neighbourhood  of  Exeter,  where  the  peninsula  becomes  narrower, 
the  Palaeozoic  formations  dip  beneath  a  Mesozoic  covering,  and  more  to  the 
north,  near  Frome,  the  anticlinal  of  the  Mendips  disappears  in  the  same 
manner  beneath  the  more  recent  sediments.  This  mantle  of  younger  rocks 
conceals  the  foundation  of  the  whole  south-east  of  England.  But  we  have 
already  mentioned  that  the  similarity  in  the  lie  of  the  beds  on  the  north 
border  of  the  Mendips  and  in  the  Belgian  coalfield  is  so  great  tiiat  it 
was  observed  many  years  ago  by  Buckland  and  Conybeare.  In  1855, 
Godwin  Austen  ventured  to  express  the  opinion  that  an  actual  connexion 
exists  below  the  ground  between  the  overthrust  Coal-measures  of  the 
Mendips  and  those  of  Boulogne,  and  that  it  might  even  be  possible  by 
means  of  boring  to  prove  the  existence  of  these  Coal-measures  in  the 
neighbourhood  of  London  itself.  He  based  this  view  not  only  on  the 
correspondence  in  the  lie  of  the  beds  and  the  strike  of  the  folds  in  these 
two  regions,  so  far  distant  from  each  other,  but  also  on  the  presence  of 
more  recent  disturbances  in  the  superposed  Mesozoic  beds,  which  follow  the 
same  strike  K 

The  borings  which  have  been  made  have  revealed  various  Devonian 
beds  at  a  great  depth,  and  it  has  been  placed  beyond  doubt  that  beneath 
London  the  Great  Oolite  rests  directly,  without  any  intervening  lias  or 
Trias,  upon  Palaeozoic  beds,  as  is  also  the  case  near  Calais,  where  the 
continuation  of  the  Belgian  f oref olding  reaches  the  sea  ^.  This  f  oref olding 
has  been  discussed  in  an  earlier  passage  (I,  p.  142  et  seq.).  Along  a  line 
running  from  Boulogne  to  Aix-la-Chapelle  older  beds  are  driven  forward 
over  younger.  Beriarand  compares  this  zone  of  forefolding  with  certain 
parts  of  the  Alps  of  Qlarus^.  There  is  indeed  the  greatest  resemblance 
to  the  overfolded  outer  borders  of  the  Alps,  the  Carpathians  or  the 
Himalaya.  That  this  zone  of  forefolding  finds  so  little  expression  in  the 
configuration  of  the  country,  and  that  its  presence  in  the  north  of  France 
was  only  discovered  by  means  of  borings,  has  no  bearing  on  the  immediate 
question.  All  that  has  been  established  in  this  region  by  mining  or  by 
laborious  comparative  studies  finds  its  sole  analogy  in  the  outer  borders 
of  the  greatest  mountain  chains  now  existing,  or  in  that  ancient  border, 
exposed  by  profound  abrasion,  as  the  forefolded  zone  of  Eriboll. 

A  difference  presents  itself,  however,  in  one  striking  particular.    The 

*  R.  Godwin  Austen,  On  the  possible  extension  of  the  Coal-measures  beneath  the 
South-eastem  part  of  England ;  Quart.  Joum.  Geol.  Soc.,  1856,  XII,  pp.  88-73,  map. 

'  Judd,  On  the  Nature  and  Relations  of  the  Jurassic  Deposits  which  underlie  London  ; 
op.  cit,  1884,  XL,  p.  754. 

'  M.  Bertrand,  Rapport  de  structure  des  Alpes  de  Glaris  et  du  bassin  houiller  dn  Nord; 
BuU.  Soc.  g^oL  de  Pr.,  1884, 3«  s6r.,  XII,  pp.  818-880,  pi.  xi. 
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outer  borders  o£  the  great  mountain  chains  are  always  more  or  leas  eonni 
in  the  direction  of  the  tangential  movement.  A  concavity  or  m 
a  re-entrant  angle  within  a  region  of  forefolding  has  always  been  reg^ 
as  an  indication  of  syntaxis,  i.  e.  of  the  encounter  of  two  difierently  dineri 
components  of  the  folding  force. 

The  Belgian  zone  of  forefolding  is  concave.  The  descriptions  given  if 
Goeselet  and  Delwaque's  map  show  this  plainly  K  From  Calais  to  Dm 
the  overthrust  zone  strikes  E.  15"*  S. ;  between  Douai  and  ValendeniMii 
is  abruptly  bent  and  extremely  disturbed ;  from  Valenciennes  it  turns  fin 
east-north-east  and  then  near  Aix-la-Chapelle  to  the  north-east.  Tst 
western  part  is  thus  folded  from  south-south-west  to  north-nortii-eiit; 
the  eastern,  on  the  other  hand,  from  south-south-east  to  north-north-wt 
and  from  south-east  to  north-west,  while  between  Douai  and  ValendeoH 
lies  the  syntaxis  in  a  gentle  curve. 

Thus  the  outer  borders  of  two  r^umrUain  systems  unite  m  the  Bdgi» 
zone  of  forefolding.  The  eastern  part  is  the  outer  border  of  the  Ar^m^ 
and  the  western  is  the  continuation  of  the  Mendips  or  the  outer  bofdv 
of  the  Armorican  arc.  The  Armorican  arc  itself  is  at  this  point  almtf 
concealed  by  the  overlying  Mesozoic  sediments.  The  presence  of  Palaeonit 
beds  has,  it  is  true,  been  established  by  means  of  boring  in  many  plaes 
west  of  the  coal-bearing  zone  of  Calais-Douai,  but  it  is  only  near  MarquiK 
north  of  Boulogne,  that  the  Devonian  rises  in  a  small  outcrop  frcD 
beneath  the  Jurassic  mantle.  From  this  place  the  strike  passes  aoo* 
to  England. 

The  folds  of  the  south  of  Ireland,  those  on  the  north  side  of  the  Bristol 
chcmnel,  the  anticlinal  of  the  Mendips,  the  folded  region  of  SomenA 
Devon,  and  Cornwall,  the  ancient  folded  mass  of  the  Cotentin,  Brittanp 
and  the  Vend^ ;  then,  to  the  east,  the  Devonian  island  6f  Boulogne  aai 
the  western  half  of  the  forefolded  zone  of  Belgium  in  its  course  froB 
Calais  to  Douai ;  all  these  we  now  see  unite  together  to  form  the  groilt 
Armorican  arc.  A  broad  gap  however  remains  between  Exeter  and 
Boulogne. 

The  formation  of  this  arc  took  place  towards  the  dose  of  the  Carbooi- 
ferous  period ;  the  great  mountains  were  then  worn  down  by  denudatioit 
and  covered  unconformably  by  thick  deposits  of  more  recent  sedim^k 
Then  piece  by  piece  the  mountains  collapsed,  and  one  of  the  most  extensive 
subsidences  is  that  between  Exeter  and  Boulogne.  It  appears,  howevo; 
that  within  the  limits  of  this  avLhsidence  fresh  foldings  subsegruently  occurrti 
which  followed  tlie  ancient  Armorican  direction. 

In  the  region  indicated  above,  between  Exeter  and  Boulogne,  lies  the 

^  J.  Gosselet,  Esquisse  geologique  da  Nord  de  la  France,  fasc.  Terrains  primairei^ 
8<>,  lille,  1880,  atlas;  G.  Dewalque,  Carte  geologique  de  la  Belgique,  folio.  Broadly 
1879. 
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denuded  dome  of  the  Weald.  Bounded  on  all  sides  by  the  escarpment 
of  the  Chalk,  it  rises  over  an  elliptical  area,  which  includes  the  greater 
part  of  Sussex  and  a  part  of  Kent,  and  extends  some  distance  beyond 
Boulogne. 

Hopkins  showed  in  1841  that  this  dome  consists  of  several  parallel 
anticlinals — three  to  four,  at  least — closely  crowded  together;  in  the  west 
they  strike  east  to  west,  but  in  the  east  they  are  deflected  to  the  south-east, 
in  the  direction  of  their  prolongation  into  the  Boulonnais  ^. 

In  France  it  was  found  by  d'Archiac,  in  1846,  that  the  watershed  of 
Artois  marks  an  important  boundary  line  in  relation  to  the  development 
of  the  Cretaceous  system,  and  that  this  line,  which  he  called  the  *  axe  de 
TArtois,'  runs  to  the  north-west  (W.  84*  N.)  from  Arras,  but  that  in  the 
Boulonnais  it  undergoes  a  deflexion  to  the  west,  and  is  continued  beyond 
the  Channel  into  the  Weald  ^.  The  axis  of  Artois,  however,  corresponds 
with  the  zone  of  overthrust  Coal-measures,  which,  as  we  have  seen,  forms 
the  outer  border  of  the  Armorican  folds;  on  its  site  borings  have  been 
made  which  reached  Palaeozoic  beds,  and  the  Devonian  outcrops  in  the 
neighbourhood  of  Boulogne  already  stand  within  the  Cretaceous  escarp- 
ment which  extends  from  England,  and  bounds  the  anticlinals  of  the 
Weald. 

As  early,  therefore,  as  1846  a  number  of  folds  were  known,  having 
the  form  of  a  circular  arc,  which  run  first  to  the  west-north-west,  then 
curve  across  the  Channel  and  extend  in  a  more  and  more  east  to  west 
direction  through  the  south  of  England 

The  significance  of  the  axis  of  Artois  for  a  knowledge  of  the  English 
folds  has  been  fully  recognized  by  Godwin  Austen,  and  formed  one  of  the 
most  important  arguments  in  support  of  his  theory  that  the  coalfields  of 
Mons  and  the  Boulonnais  must  find  a  subterranean  continuation  beneath 
the  neighbourhood  of  London  and  as  far  as  the  coal  districts  north  of  the 
Mendips.  Indeed,  Godwin  Austen  in  his  now  famous  treatise  on  this 
subject  even  maintained  as  a  universal  law  that  when  any  zone  of  the 
earth's  crust  is  considerably  folded  or  fractured,  subsequent  disturbances 

^  William  Hopkins,  On  the  geological  Stnicture  of  the  Wealden  District  and  of  the 
Baa-Bonlonnais ;  Trans.  Geol.  Soc^  1845,  2nd  ser.,  VII,  pp.  1-51,  map.  The  meridional 
transverse  fractures  described  by  Hopkins  are  partly  true  flaws,  i.  e.  dislocation  planes 
like  the  Medina  fault  in  the  isle  of  Wight.  The  important  earthquake  of  April  22, 
1884,  would  thus  be  a  flaw- shock,  like  so  many  Alpine  earthquakes,  and  an  indication  of 
the  persistence  of  forces  similar  to  those  acting  in  the  Alps;  Meldola  and  White, 
Nature,  January  21,  1886,  p.  265. 

'  lyArchiac,  Etudes  sur  la  formation  cr^tac^e  des  versants  sud-ouest,  nord  et  nord- 
ouest  du  Plateau  Central  de  la  France,  M^m.  Soc.  g^ol.  de  Fr.,  1846,  2«  s^r.,  11,  p.  116  ; 
on  the  map  pi.  1,  a  dotted  line  shows  the  supposed  connexion  of  the  axis  of  Artois  with 
the  Weald.  At  that  time  the  Goal-measures  were  supposed  to  be  overthrust  near  Arras"; 
this  coigecture  was  confirmed  by  borings ;  Degouss^e  and  Laurent,  On  the  Valenciennes 
Coal-Basin,  Quart  Joum.  Geol.  Soc.,.1856,  XII,  p.  252,  pL  v. 
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follow  the  previous  lines,  and  this  simply  because  these  lines  appear  tokj 
lines  of  least  resistance  \ 

The  anticlinals  of  the  Weald  were  described  later  in  great  detail  If  I 
Topley,  and  their  deflexion  towards  the  Boulonnais  may  be  regaidBdij 
completely  established'. 

But  these  anticlinals  are  continued  towards  the  west  aczoss  the  iepi| 
of  the  Weald;  and  in  addition  a  new  and  mighty  anticlinal ' sacoeeds ■ 
the  south,  which  again  brings  the  deposits  of  the  Weald  into  view,  te| 
}ies  for  the  greater  part  beneath  the  sea.  It  is  visible  in  the  soathem  half 
of  the  isle  of  Wight;  its  northern  flank  with  deeply  upturned,  and  inpst 
even  inverted,  beds  runs  through  the  whole  breadth  of  the  island  fioi 
the  Needles  in  the  west  to  Culver  cliff  in  the  east,  and  the  rhomb-lib 
form  of  the  island  is  determined  by  the  course  of  the  rocks  which  ofir 
the  greatest  resistance  to  denudation  ^.  From  here  it  continues  to  the  wot 
across  Purbeck  to  Weymouth ;  and  south  of  Weymouth,  on  the  penizmli 
of  Portland,  we  meet  with  Jurassic  beds  which  are  steeply  upturned. 

While  the  exploration  of  these  folds  was  being  pursued  in  ESnglandLii 
was  discovered  in  the  north  of  France  that  a  series  of  mmili^r  <iJit''^l»^ 
striking  to  the  north-west  exists  outside  the  axis  of  Artois  and  panU 
to  it.  They  have  this  character  in  common  with  the  English  folds,  tbi 
the  dip  of  the  northern  limb  of  the  anticlinals  is  steep,  while  that  of  tb 
southern  limb  is  very  gentle.  The  most  important  of  these  is  the  li» 
of  disturbance  of  the  Pays  de  Bray,  which  in  the  midst  of  the  l^imin  d 
Paris,  between  Beauvais  and  Neuchatel,  exposes  not  only  the  lows 
members  of  the  Cretaceous  but  also  the  upper  Jurassic  This  remad- 
able  disturbance  was  first  described  by  £lie  de  Beaumont  and  then  ia 
great  detail  by  De  Lapparent^.  Hubert  and  De  Mercy  have  made  knowi 
to  us  yet  other  folds,  also  striking  to  the  north-west,  but  of  less  impcr 
tance,  and  Hubert  even  believed  that  he  could  prove  the  existenoe  d 
a  second  system  of  disturbances  running  at  right  angles  to  the  jBrrt^ 

^  Godwin  Austen,  torn,  cit^  p.  62.  The  folds  had  been  already  described  bj 
P.  J.  Martin,  On  the  anticlinal  Line  of  the  London  and  Hampshire  Basin,  FhiL  "^f^i 
1851,  4th  ser.,  II,  pp.  41-51, 126,  189,  278,  366,  471 ;  further,  op.  cit,  1856^  4th  aer,  XII, 
pp.  447-452 ;  and  1857,  XIII,  pp.  33,  109. 

*  William  Topley,  The  Geology  of  the  Weald,  Mem.  GeoL  Surv.  England  and  Waki^ 
8yo,  1875,  maps;  in  particular,  pp.  216  et  seq. 

'  Edward  Forbes,  On  the  Tertiary  Flurio-Marine  Formation  of  the  Isle  of  Wi^; 
Mem.  GeoL  Surv.  Great  Britain,  8vo,  1856,  map. 

*  A.  de  Lapparent,  Note  sur  le  soulevement  du  Pays  de  Bray  et  roaTertve  dt 
la  vall^  de  la  Seine;  BuU.  Soc.  g^l.  de  Fr.,  1871,  2«  s^r.,  XXIX,  pp.  231-238,  ]iL  1; 
and  by  the  same.  Traits  de  G6ologie,  2«  ^d.,  8"^,  Paris,  1885,  p.  1420. 

'  Hubert,  Note  sur  la  craie  blanche  et  la  craie  mameuse  dans  le  bassin  de  Paris,  Bull 
Soc.  g^ol.  de  Fr.,  2^  s^r.,1863,  XX,  pp.  605-681 ;  Ondulations  de  la  craie  dans  le  baMii 
de  Paris,  op.  cit,  1871,  2«  s^r.,  XXIX,  pp.  446-472,  and  pp.  583-595 ;  further,  op.  oil, 
1875,  2«  s^r..  Ill,  pp.  512-546,  map ;  by  the  same,  Ondulations  de  la  craie  dam  le  Noid 
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Finally,  C.  Banois,  after  a  careful  study  of  the  numerous  works  of  his 
predecessors  and  a  detailed  examination  of  the  folds  in  England  which 
tniTerse  the  Chalk  to  the  west  of  the  Weald,  succeeded  in  obtaining  the 
following  results*:  — 

The  axis  of  Artois  leaves  France  somewhat  south  of  the  older  rocks 
of  the  Boulonnais,  reaches  England  at  Dungeness,  is  continued  as  one  of 
the  antidinals  in  the  northern  part  of  the  Weald,  and  proceeds  with  an  east 
to  west  direction  through  the  Chalk  past  Eingsdere  towards  Ham,  Frome, 
and  the  Bristol  channel. 

A  second  line,  designated  by  Hubert  the  axis  of  La  Bresle,  strikes  to 
the  north-west,  reaches  the  sea  near  Tr^port,  and  coincides  with  tiiat  great 
anticlinal  of  the  Weald  which  Hopkins  calls  the  line  of  Qreenhurst ;  this 
strikes  past  Petersfield  and  Winchester  through  the  Chalk,  past  Stockbridge 
into  the  valley  of  Warminster. 

The  axis  of  the  Pays  de  Bray,  finally,  distinguished  by  the  great  extent 
of  the  dislocation,  must  probably  be  regarded  as  part  of  that  great  fold 
which  runs  through  the  isle  of  Wight  to  Purbeck. 

Each  of  these  folds  is  steeper  towards  the  north  than  towards  the 
Bouth;  in  some  of  them  the  folding  movement  has  certainly  continued 
tar  into  the  Tertiary  period. 

These  results  are  far  reaching  in  their  significance.  Even  if  it  should 
be  shown  later  that  some  of  the  lines  in  question  do  not  traverse  the 
whole  distance  as  continuous  folds,  but  that  contiguous  anticlinals  running 
in  the  same  direction  replace  each  other,  as  in  the  Jura,  yet  this  will  not 
affect  the  fact  that  there  exists  a  system  of  folds  formed  under  a  move- 
ment to  the  north-east  and  north,  which  strikes  to  the  north-west  in 
France,  curves  round  in  an  arc  to  west-north-west  and  west  in  the  region 
of  the  Channel,  and  extends  with  a  westerly  strike  through  the  south  of 
England  to  Weymouth  and  the  Mendips.  These  lines  correspond,  however, 
to  the  downthrown  segments  of  the  Armorican  arc  and  join  together  the 
projecting  horsts.  The  region  was  folded,  as  we  have  seen,  at  the  close 
of  the  Carboniferous  period,  was  covered  with  younger  sediments  and 
subsided ;  then  there  occurred  in  the  same  place  a  folding  of  the  younger 
sediments,  and  this  more  recent  folding  coincides  in  direction  with  the 
older  folding  which  preceded  it. 

This  phenomenon  we  term  posthumous  folding.  It  is  very  likely  that 
in  most  other  mountain  systems  repeated  movements  in  the  same  direction 

de  la  France,  Ann.  Sci.  gM,,  1876,  VII,  Art.  no.  2,  48  pp.,  map ;  N.  de  Mercey,  Note  sur 
la  cnue  dans  le  Notd  de  la  France,  Boll.  Soc.  g^ol.  de  Fr.,  1863,  2«  s^r.,  XX,  pp. 
631-644. 

'  G.  Barrois,  Ondolations  de  la  ciaie  dans  le  Sad  de  PAngleterre,  Ann.  Soc.  gM. 
Noid,  1875,  III,  pp.  85-111 ;  and  in  particular,  Recherches  sur  le  terrain  cr^tac^ 
sop^rienr  de  PAngleterre  et  de  Tlrlande,  4to,  Lille,  1876,  pp.  114-123. 
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have  occurred  at  very  different  times;  but  seldom  do  we  witness  so  striking 
an  episode  as  is  here  presented  in  the  subsidence  of  a  great  s^ment  of 
a  mountain  arc  between  successive  periods  of  folding ;  and  in  this  example 
we  find  clearly  displayed  the  extraordinary  constancy  in  the  direction  of 
the  folding  force. 

The  result  then  of  all  the  observations  we  have  now  brought  together 
is  as  follows : — The  coast  of  the  Atlantic  Ocean,  from  the  mouth  of  the 
Shcuinon  to  some  distance  beyond  the  mouth  of  the  Loire,  is  formed  by  the 
breaking-off  and  subsidence  of  fragments  of  a  great  mountain  chain,  which 
was  folded  towards  the  north,  and  acquired  the  greater  part  of  its  elevation 
towards  the  close  of  the  Carboniferous  period ;  its  vestiges  can  now  only 
be  traced  in  isolated  horsts  and  in  posthumous  foldings.  The  oldest  rocks 
of  this  chain  may  be  seen  in  the  Vend^,  Brittany,  and  the  Cotentin, 
as  well  as  in  the  gneiss  of  the  Eddystone,  and  the  ancient  exposures  of 
schist  on  the  south  coast  of  the  peninsula  of  Cornwall.  The  next  zone, 
consisting  chiefly  of  Devonian  deposits,  and  marked  in  its  southern  part  by 
numerous  granite  masses,  forms  the  peninsula  of  Cornwall  and  Devon 
up  to  the  Bristol  channel.  The  outermost  zone,  overthrust  towards  the 
exterior,  is  for  the  most  part  of  Carboniferous  age,  but  beneath  it  the 
underlying  Devonian  also  crops  out.  Its  northern  boundary,  which  at  the 
same  time  represents  the  outer  border  of  the  chain,  runs  across  the  south 
of  Ireland  to  St.  Bride's  bay,  continues  close  to  the  north  coast  of  the 
Bristol  channel  and  along  the  north  side  of  the  Mendips  as  far  as  Frome, 
then,  indicated  by  posthumous  movements,  it  follows  close  to  the  north 
flank  of  the  Wealden  dome,  the  North  Downs,  and  with  a  gradually 
increasing  curvature  to  the  south-east  passes  between  Boulogne  and  Calais, 
and  is  thence  continued  beyond  Douai. 

The  breadth  of  the  complex,  the  mighty  inversions  and  imbrications, 
e.  g.  in  Somerset  and  Devon  as  far  south  as  Exeter,  the  violent  overthrusting 
of  the  outer  border,  the  great  displacement  along  certain  flaws — even  when 
these  are  posthumous  as  in  the  case  of  the  Medina  *  fault,'  which  runs 
across  the  isle  of  Wight — and  finally  the  series  of  granitic  intrusions  in 
Devonshire  as  well  as  in  Brittany;  all  combine  to  show  that  we  have 
before  us  the  vestiges  of  a  great  mountain  range.  Towards  the  north  this 
range  forms  a  flat  arc.  The  last  parts  visible  in  the  west,  as  in  the 
neighbourhood  of  Bcmtry  bay  and  the  coasts  of  Finist^re,  show  that  the 
remains  of  this  range  are  continued  beneath  the  Ocean  in  a  westHBOuth- 
westerly  direction,  and  the  islands  which  lie  off  many  of  the  promontories 
offer  a  slight  indication  of  this  continuation.  The  eastern  parts  lie  beneath 
the  basin  of  Paris,  and  here  too  their  strike  may  be  recognized  in  posthumous 
movements,  as  in  the  Pays  de  Bray. 

This  is  the  great  pre-Permian  range  of  western  Europe.  The  traces  of 
its  interior  and  presumably  most  elevated  zone  lie  in  Brittany  and  the 
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Vendue;  for  (his  reason  we  give  these  fragments  the  general  name  of 
the  Armorican  chain. 

8.  The  Variecan  mountains.  The  rias-coasts  of  the  south  of  Ireland, 
of  Cornwall  and  Brittany,  form  a  very  typical  part  of  the  outlines  of 
Europe ;  corresponding  to  them,  on  the  other  side  of  the  Atlantic,  are  the 
rias-coasts  of  Newfoundland  and  Nova  Scotia,  which  also  represent  the 
extremities  of  a  great  folded  range  passing  beneath  the  sea.  Starting 
from  Ireland,  where  the  contrast  between  the  north  and  south  is  so  marked, 
we  have  now  examined  the  horsts  which  exhibit  folding  in  a  common 
direction,  as  far  as  the  syntaxis  between  Douai  and  Valenciennes;  these 
combine  to  form  the  Armorican  arc,  the  unity  of  which  is  shown  by  the 
corresponding  course  of  the  posthumous  folds. 

We  will  now  turn  aside  for  a  moment  from  the  subject  of  this  chapter, 
that  is  the  description  of  the  Atlantic  coasts,  and  following  the  same 
method  as  we  have  just  pursued  endeavour  to  obtain  a  general  view  of 
the  mountains  of  Germany,  or  the  greater  number  of  them.  This  attempt 
could  not  be  made  earlier,  because  it  was  first  necessary  to  become  familiar 
with  the  idea  of  a  horst,  and  the  closely  connected  conception  of  extensive 
subsidences  of  the  surroimding  country ;  and  it  was  also  essential  to  make 
ourselves  acquainted  with  that  peculiar  feature — the  arcuate  course  of 
the  trend-lines  and  their  syntaxis — which  is  repeatedly  exhibited  by  so 
large  a  number  of  folded  mountain  chains. 

This  digression  will  be  as  brief  as  the  difficulty  of  the  subject  permits. 
The  fragments  which  I  propose  to  consider  are : 

(a)  The  Devonian  mountains  of  the  Rhine^  namely  the  collective  masses 
of  the  Ardennes,  the  Eifel,  the  Westerwald  and  the  Sauerland,  and  next 
the  Hochwald,  Hunsrlick  and  Taunus. 

(6)  The  mountains  of  the  Rhine  between  Bingen  and  the  lake  of 
Constance,  i.  e.  the  Spessart,  Odenwald,  Hardt,  Yosges  and  Black  Forest. 

(c)  The  Harz. 

(d)  The  mountains  of  Saxony,  namely  the  Erzgebirge  and  Fichtelgebirge, 
Frankenwald  and  Thiiringerwald. 

(e)  The  Sudetes  together  with  the  Riesengebirge. 

Many  of  these  fragments  are  bounded  on  all  sides  by  longitudinal 
fractures  or  by  oblique  transverse  fractures ;  a  part  of  the  mountains  of 
Saxony  and  of  the  Sudetes  sinks  beneath  the  north-Qerman  plain;  the 
Carpathians  approach  the  Sudetes  at  right  angles  to  their  strike  on  the 
east  and  even  appear  to  be  driven  over  them  (I,  p.  186). 

All  these  mountain  fragments  have  this  feature  in  common,  that  they 
experienced  a  great  and  general  folding  towards  the  close  of  the  Carboni- 
ferous period ;  then  they  were  covered  by  thick  deposits  of  more  recent 
sediments  and  collapsed  later,  piece  by  piece,  and  at  divers  times ;  many 
underwent   subsequently  a   second   folding.     Thus  far,   therefore,  their 
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past  history  resembles  in  all  points  that  of  the  Armorican  ara  The  basal 
beds  of  the  downthrown  fragments  are  not  always  of  Permian  age;  in 
some  places  they  are  fragments  of  the  higher  subdivisions  of  the  Coal- 
measures,  pinched  into  the  fractured  margin.  This  is  the  case  on  the 
north,  as  on  the  south  margin  of  the  Harz,  at  Ilefeld,  Qrillenbexg  and 
Ballenstedt  ^,  at  Stockheim  on  the  western  marginal  fracture  of  the  Fichtel- 
gebirge  ',  and  at  Bossitz  south  of  Briinn,  on  the  great  fault  which  separates 
the  Sudetes  from  the  Bohemian  mass  \  Elsewhere  and  over  vast  regions 
the  Bothliegende  is  the  lowest  member  of  the  subsided  series. 

The  northern  and  eastern  parts,  namely  the  Ardennes,  the  Devonian 
mountains  of  the  Bhine,  the  Harz  and  the  northern  part  of  the  mountains 
of  Saxony,  as  well  as  the  eastern  and  south-eastern  part  of  the  Sudetes, 
are  characterized  by  the  great  development  of  the  Devonian  system,  which 
is  of  immense  thickness  and  astonishing  uniformity;  great  r^ons  are 
formed  by  this  system  alone,  and  in  Moravia  and  Silesia  it  presents  essen- 
tially the  same  subdivisions  as  on  the  Bhine.  The  interior  parts  of  the  arc 
consist  more  or  less  exclusively  of  pre-Devonian  rocks,  as  in  the  mountains 
of  the  Bhine  near  Bingen,  the  Erzgebirge,  and  the  western  part  of  the 
Sudetes  with  the  Biesengebirge. 

(a)  The  Devonian  vwurdains  of  the  Rhine.  We  are  indebted  to  the 
united  efforts  of  German,  Belgian,  and  French  investigators,  and  m  particular 
to  the  achievements  of  H.  von  Dechen,  for  our  knowledge  of  the  structure 
of  this  vast  region,  which  extends  from  Frankfort  to  Diisseldorf  and  from 
Meziferes  nearly  into  the  neighbourhood  of  Paderbom. 

A  uniform  strike  to  the  north-east  predominates  in  the  whole  region, 
which  for  the  greater  part  is  thrown  into  folds  overturned  to  the  north, 
or  imbricated  in  true  flakes  with  a  south-easterly  dip.  The  coalfields  of 
Belgium  east  of  Valenciennes  and  those  on  the  Buhr  form  the  outer  border. 

The  overfolded  Coal-measures,  from  the  Boulonnais  towards  Douai,  have 
been  recognized  as  part  of  the  Armorican  arc;  from  the  short  stretch 
of  country  between  Douai  and  Valenciennes  which  marks  the  region  of 
syntaxis,  the  Coal-measures  turn  to  the  east-north-east  and  north-east,  and 
are  still  affected  by  overthrusts  on  a  grand  scale.  Aix  stands  on  an 
anticlinal  between  two  coal  basins,  the  basin  of  Elschweiler  in  the  south, 
and  that  of  Wonns  in  the  north ;  but  still  further  to  the  north,  in  Holland, 
Coal-measures  have  been  readied  by  borings  beneath  the  plain  ^.    Great 

'  C.  E.  Weiss,  Die  Steinkofalen-fiUirenden  Schichten  bei  Ballenstedt  am  nGrdlichen 
Hanurande ;  Jahrb.  k.  preuss.  geol.  Landesanst,  1881,  pp.  595-603. 

'  C.  W.  Qdmbel,  G^gnostisohe  Beschreibung  dee  Fichtelgebirgee  (Geognostiache 
Beeohreibung  des  KOnigreiches  Bayem,  III),  8vo.  Gotha,  1879,  pp.  555-575. 

'  A.  Makofsy  und  A.  Rsehak,  Die  geologischen  Verh&ltnisse  der  Umgebung  von 
BrUnn ;  Verb.  nat.  Ver.  HrQnn,  1884,  XXII,  p.  82,  and  geological  map. 

*  G.  Lambert,  Nouveau  Bassin  houiller  decouvert  dans  le  Limbourg  hollandais, 
Rapport,  Ann.  Soc.  g^l.  Belg.,  1877,  IV,  pp.  116-130 :  Rapport  de  M.  von  Dechen,  tom. 
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dislocations  here  traverse  the  coal  beds,  such  as  the  Feldbiss,  with  its 
continuation  the  Munstergewand,  which  forms  the  eastern  boundary  of 
the  basins  just  mentioned  K 

On  the  right  side  of  the  Rhine,  the  continuation  of  the  Cioal-measures 
appears  to  be  moved  much  more  towards  the  north.  According  to  von 
Dechen  the  Coal-measures  of  the  Ruhr  have  been  recognized  near  Duisbuig 
and  Ruhrort;  those  on  the  left  bank  near  Vluyn,  north  of  Crefeld*; 
we  may  therefore  conjecture  that  the  Coal-measures  which  cross  the  valley 
of  the  Rhine  are  either  heaved  by  a  flaw,  or  bent  in  a  sigmoid  curve,  and 
this  supposition  is  in  complete  accordance  with  the  lie  of  the  folds  which 
follow  further  to  the  south. 

Such  sigmoid  curvature  is  not  rare  in  folded  ranges;  the  advance 
of  one  part  of  the  range  relatively  to  another,  implied  by  such  a  curvature, 
occurs  in  several  places  on  the  outer  border  of  the  Alps.  The  sigmoid 
curve  is  often  intersected  by  flaws  striking  across  it,  and  is  thus  resolved 
into  a  number  of  small  forward  displacements.  A  ladder-like  arrangement 
of  the  flaw  surfaces  is  then  exhibited  by  the  sigmoid.  These  may  be  seen 
on  the  smallest  scale,  as  in  thin  slices  under  the  microscope ;  and  on  the 
grandest,  as  in  great  mountain  masses.  Studer's  geolc^cal  map  of  Switzer- 
land shows  how  the  anticlinal  of  the  Molasse,  as  it  proceeds  to  the  east 
from  Sankt  Gallen  and  Appenzell,  begins  to  undergo  on  crossing  the  Rhine 
a  marked  deflexion  forwards,  i.e.  to  the  north-east,  and  this  leads  in 
Vorarlberg  and  the  adjacent  part  of  Bavaria  to  the  edge  of  the  Bavarian 
Alps  which  lie  much  further  to  the  north.  In  the  same  way  the  great 
Cretaceous  limestone  mass,  which  extends  from  the  Toggenburg  through 
the  Santis  to  the  Iller,  describes  in  the  same  district,  within  the  Flysch 
zone,  a  corresponding  sigmoid  curve.  At  the  same  time  a  part  of  this 
mass  lies  in  flakes,  and  flaw  planes,  striking  to  the  north,  cut  through  the 
Santis(I,  p.  116)3. 

The  Rhine  crosses  the  folded  Coal-measures  between  Aix  and  DUsseldorf 
in  the  same  manner  as  it  crosses  the  Alps  above  the  lake  of  Constance, 
and  it  is  probable  that  many  of  the  numerous  transverse  fractures,  along 
which,  in  the  neighbourhood  of  Aix,  von  Dechen  observed  considerable 
displacements  both  in  the  horizontal  and  vertical  direction,  play  the  same 
part  as  the  flaws  of  the  Santis.    This  is  the  more  worthy  of  remark 

cit.,  pp.  130-132 ;  F.  L.  Cornet,  Notice  sur  le  Bassin  houiller  Limbourgeois,  torn,  cit., 
pp.  133-142. 

*  H.  y.  Dechen,  Geologische  nnd  pal&ontologische  Uebenicht  der  RhQinprovinz  and 
der  Provinz  Westphalen  (Erl&uterungen  znr  geologischen  Karte,  II),  8vo,  Bonn,  1884, 
pp.  227,  230 ;  also  a  much  earUer  work :  Ueber  den  Zusammenhang  der  Steinkohlen- 
reyiere  von  Aachen  und  an  der  Ruhr,  Zeitschr.  f.  Berg-,  Htltt.-,  Salinenw.,  1885,  III, 
pp.  1-8. 

*  Id.,  Uebersicht-der  Rheinprovinz,  p.  208. 

3  e.  g.  MojsiBovics,  Jahrb.  k.  k.  geol.  Reichsanst.,  1873,  XXIII,  p.  174. 
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because  the  earthquakes  of  Herzogenrath,  north  of  Aix,  which  oontinued 
for  several  years,  proceeded,  according  to  Von  Lasaulx,  from  the  greatest 
of  these  dislocations,  the  Feldbiss,  and  must  thus  be  classed  with  the  group 
of  flaw  shocks,  like  so  many  earthquakes  of  the  Alps  ^ 

The  most  ancient  rocks  of  the  Ardennes  belong  to  the  Silorian. 
Goeselet  distinguishes  three  Silurian  zones,  which,  however,  are  not  all  of 
equal  value,  namely,  the  zone  of  Brabant,  of  Condroz,  and  of  the  Ardennes 
proper  *. 

That  which  is  known  in  Belgium  as  the  zone  of  Brabant  is  the 
common  foreland  of  the  overthrust  region  lying  in  front  of  both  members 
of  the  syntaxis ;  it  has  been  traced  by  borings  beneath  the  plain,  as  far 
as  Brussels  and  Ostend. 

Then  towards  the  south  follow  the  overthrust  Coal-measures,  already 
frequently  mentioned,  and  the  zone  of  Condroz  is  that  ridge  which  has 
been  moved  from  the  south-east  over  the  Coal-measures,  recalling  by  this 
position  the  anticlinal  of  the  Mendips  (I,  p.  142,  Fig.  17).  Folded  Devonian 
accompanies  this  ^sone,  and  to  the  south  it  is  followed  by  a  broad  synclinal 
of  folded  Carboniferous  limestone,  the  basin  of  Dinant.  To  the  south  of 
this  broadens  out  the  extensive  region  of  the  Ardennes  proper,  formed 
chiefly  of  lower  Devonian  beds.  Their  strike  is  directed,  precisely  like 
that  of  the  Coal-measures,  to  east-north-east  and  north-east ;  they  are  like- 
wise overfolded  from  the  south-east,  and  out  of  their  midst  there  rise — 
not  unlike  the  gneiss  cores  of  the  Alps — four  masses  which  form  the 
Cambrian  zone  of  the  Ardennes. 

All  four  masses  are  built  up  of  Cambrian  deposits ;  neither  upper  nor 
lower  Silurian  is  known  here.  There  are  two  large  masses,  those  of 
Rocroi  and  Stavelot,  the  latter  called  by  the  (Germans  the  Hohe  Venn,  and 
two  smaller,  those  of  Serpont  and  of  Givonne. 

The  mass  of  Rocroi,  that  of  Serpont,  and  the  Hohe  Venn  lie  in  one  and 
the  same  zone  of  strike;  the  smaller  mass  of  Givonne  is  situated  above 
Sedan,  south  of  the  mass  of  Rocroi.  In  all  the  masses,  as  well  as  in  the 
surrounding  Devonian,  the  beds  dip  towards  the  south,  corresponding  to 
the  general  inversion.  The  Belgian  geologists  maintain  that  the  relations 
with  the  Devonian  are  those  of  genuine  unconformability,  but  the  observa- 
tions of  German  investigators  do  not  lead  to  this  conclusion,  at  least  not 
with  the  same  degree  of  certainty. 

The  mass  of  Rocroi  lies  on  the  south-west  boundary  of  the  Ardennes, 
and  is  cut  through  obliquely  by  this  boundary  south  of  Hirson,  so  that  its 
outline  somewhat  resembles  an  obliquely  intersected  ellipse.  It  is  continued 
in  any  case  across  the  marginal  fractures,  beneath  a  part  of  the  Mesoeoic 

*  A.  von  Lasaulz,  Das  Erdbeben  von  Henogenrath  am  22.  October  1878,  8to,  Bonn, 
1874,  p.  141  et  seq. 

*  Gowelet,  Eiiquina  g^ologique  du  Nord  de  la  France,  fiuc.  1,  p.  17  et  leq. 
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sediments  of  the  plain  towards  the  west.  Across  this  mass  the  Meuse  flows, 
disclosing  a  beautiful  section ;  Von  Lasaulx  has  described  the  constant  dip 
towards  the  south-east,  which  is  exhibited  by  all  the  members  of  this  mass, 
from  Mezi^res  on  the  south,  through  the  Devonian,  the  Cambrian  mass  of 
Bocroi  and  the  Devonian  of  its  northern  flank,  up  to  the  Carboniferous 
limestone  of  the  basin  of  Diilant  on  the  north  ^. 

The  strike  of  the  Coal-measures,  directed  first  to  east-north-east  then 
to  north-east,  is  clearly  repeated  in  the  alinement  of  the  three  masses  of 
Bocroi,  Serpont,  and  the  Hohe  Venn ;  in  the  most  distant  part  of  the  Hohe 
Venn,  neeu:  Diiren,  east  of  Aix,  the  strike  passes  with  equal  clearness  into 
north-north-east. 

The  Hohe  Venn  begins  north-west  of  Houffalize  and  proceeds  towards 
Diiren.  It  is  broader  in  its  southern  part,  and  is  produced  with  a  sUght 
curvature  first  to  the  north-east  and  then  more  and  more  to  the  north- 
north-east.  This  is  no  doubt  the  same  sigmoid  as  that  described  by  the 
strike  of  the  Coal-measures  as  they  cross  the  valley  of  the  Rhine.  The 
mass  of  the  Hohe  Venn  is  related  in  the  same  way  to  the  Coal-measures  as 
the  limestone  mass  of  the  Santis  and  its  continuation  to  the  overthrusting 
of  the  Molasse.  The  whole  northern  part  of  the  anticlinal  of  the  Hohe 
Venn  also  shows  inverted  bedding,  and  the  full  force  of  the  sigmoid  cur- 
vature finds  expression  on  the  western  side  of  the  extreme  end  of  the  mass. 
In  this  region  near  M^rode,  as  Holzapfel  has  shown,  the  lowest  member  of 
the  south-east  side,  the  lower  Devonian,  is  completely  driven  over  the 
western  limb  of  the  arch,  and  overlies  the  upper  Devonian  and  Carboni- 
ferous ;  and  immediately  to  the  south  of  this  locality  several  parallel  flaws, 
accompanied  by  as  many  successive  forward  thrusts,  intersect  the  western 
limb  2. 

^  A.  von  Lasaulx,  Ueber  die  Tektonik  und  die  Eraptivgesteine  der  franzOsischen 
Ardennen,  Vortrag  in  der  Herbst-Versammlung  des  natnrhistorischen  Vereines  der 
preuBsischen  Kheinlande  und  Westphalen,  7.  October  1888,  8vo,  Bonn,  1884.  Goaselet's 
*  Faille  de  Remagne  *  on  the  south-east  side  of  the  little  mass  of  Givonne  is  a  thrust- 
plane.  By  the  same,  Sur  la  faille  de  Remagne  et  sur  le  m^tamorphisme  qu'elle 
a  produit,  Ann.  Soc.  g^ol.  Nord,  1883-1884,  XI,  pp.  176-190.  I  have  not  considered  it 
necessary  to  enter  in  detail  into  the  disputed  question  whether  an  original  unconform- 
ability  exists  or  not  between  the  overthrust  Cambrian  anticlinals  and  the  lower 
Devonian,  since  the  imbricated  structure  is  universally  acknowledged.  Nor  have 
I  discussed  the  question  of  the  existence  of  traces  of  a  granitic  intrusion  beneath  the 
Hohe  Venn  ;  A.  von  Lasaulx,  Der  Granit  unter  dem  Gambrium  des  Hohen  Venn,  Verb, 
naturhist.  Ver.  preuss.  Rheinl.,  1884,  'XLI,  pp.  418-450 ;  Dewalque,  Sur  les  Filons 
granitiques  et  les  Poudingues  de  Lammersdorf,  Ann.  Soc.  g^ol.  Belg.,  1885,  XII,  pp. 
158-163. 

^  £.  Holzapfel,  Die  Lagerungsverh&ltnisse  des  Devon  zwischen  Roer-  und  Vichtthal, 
Verb,  naturhist.  Ver.  preuss.  Rheinl.,  1883,  XL,  pp.  397-420,  map ;  G.  Dewalque,  Sur  la 
terminaison  N.-£.  du  massif  cambrien  de  Stavelot,  Ann.  Soc.  geol.  Belg.,  1884,  XI,  Bull., 
pp.  cxx-cxxv.  In  this  respect  my  opinion  differs  essentially  from  that  of  Lossen, 
a  distinguished  observer  of  such  phenomena.    Lossen  sees  in  this  bend  of  the  Hohe 
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The  foregoing  will  suffice  to  show  to  what  extent  the  stnictare  of  the 
northern  border  of  the  Rhenish  mountains  resembles  the  northern  bord^ 
of  the  Alps,  and  I  shall  now  enter  less  into  detail. 

The  Cambrian  masses  of  the  Ardennes,  the  extremity  of  which  we 
have  just  studied  near  Diiren,  are  not  continued  across  the  Rhine.  Many 
series  of  overthrust  anticlinals  and  synclinals  composed  of  Devonian 
deposits  form  the  mountains  far  and  wide.  Their  strike  is  constantly 
directed  to  the  north-east,  and  is  clearly  expressed  in  the  nosing  out  of 
the  folds  along  the  eastern  border  of  the  Sauerland,  the  Westerwald  and 
the  Taunus,  as  well  as  in  the  general  outlines  of  these  mountain  fragmenta 
Still,  towards  the  south,  the  overthrusting  appears  to  be  of  trifling  extent. 
Synclinal  limbs  dipping  to  the  north-west,  that  is,  normally  inclined, 
alternate  more  frequency  with  opposed  limbs  dipping  to  the  south-east 
On  the  southernmost  edge,  from  Homburg  von  der  Hohe  through  Wiesbaden 
up  .to  the  valley  of  the  Nahe,  Von  Dechen  marks  a  zone  of  more  ancient 
sericite  schists  and  gneisses  as  the  foundation  of  the  folded  Devonian 
mountains.  Their  position  is  similar  to  that  of  the  ancient  schists  of  the 
Lizard  and  Prawle  Point,  on  the  inner  side  of  the  Devonian  formations  of 
Cornwall.  According  to  C.  Koch,  it  is  along  the  axis  of  a  symmetrical 
anticlinal,  close  to  the  most  southerly  edge  of  the  Taunus,  that  the  sericite 
gneiss  crops  out.  It  is  succeeded  on  each  side  by  green  sericite  schists,  and 
these  again  by  the  phyllite  of  the  Taunus  with  beds  of  quartzite.  The 
anticlinal  runs  to  the  south-west,  crossing  the  Rhine  near  Assmanshausen. 
Only  its  upper  members  are  visible  here ;  they  have  closed  over  the  gneiss, 
and  further  to  the  south-west  on  the  left  side  of  the  Rhine  these  too 
become  concealed  beneath  the  now  continuous  beds  of  the  Taunus  quartzite, 
which  in  their  turn  disappear,  still  further  on,  beneath  the  shales  of  the 
Hunsriick^. 

Venn,  as  well  as  in  that  of  the  basins  of  the  Eifel  situated  further  to  the  south,  a  torsion 
or  deformation  of  the  anticlinal  which  originally  followed  the  direction  of  the 
Netherlands,  by  later  Hercynian  folding.  In  that  case  it  seems  to  me  there  would  not 
be  produced  a  curvature  of  the  existing  anticlinals,  but  the  formation  of  new  aaticlinalt 
transverse  to  the  original  folds.  I  may  add  that  the  radial  system  of  dykes  of 
Andreasberg  represented  here  by  Lossen  (fig.  12,  1,  p.  163),  so  closely  resembles  the 
effect  of  torsion  that  I  too  should  be  inclined  to  regard  this  explanation  as  the  most 
suitable  for  the  present ;  on  the  other  hand,  I  cannot  recognize  from  the  data  hitherto 
published  any  turning  round  of  the  whole  folded  system  of  the  Harz ;  E.  A.  Loflsen, 
Ueber  das  Auftreten  metamorphischer  Gesteine  in  den  alten  pal&ozoischen  Gebirgskemen 
von  den  Ardennen  bis  zum  Altvatergebirge,  und  liber^  den  Zusammenhang  dieses 
Auftretens  mit  der  Faltenverbiegung  (Torsion),  Jahrb.  k.  preuss.  geol.  Landesanst., 
1884,  pp.  56-112.  A.  v.  Groddeck  sees  in  the  Harz  only  folding  in  the  direction  of  the 
Netherlands,  and  this  view  appears  to  me  to  correspond  with  the  observations  so 
far  published ;  op.  cii,  1883,  p.  73,  note. 

^  G.  Koch,  Ueber  die  Gliederung  der  rheinischen  Unterdevon-Schichten  zwiichen 
Taunus  und  Westerwald ;  Jahrb.  k.  preuss.  geol.  Landesanst.,  1880,  p.  198  et  seq.,  fection 
on  pi.  vi. 
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(6)  2%e  mouTitaina  of  the  Rhivs  above  Bingen.  The  southern  border  of 
the  folded  Devonian  region  is  immediately  succeeded  by  the  coalfields  of 
the  Saar,  which  present  a  fundamentally  different  structure ;  the  nature 
of  the  underlying  rocks  is  not  known;  on  the  Coal-measures  the  Roth- 
liegende  lies  conformably  and  without  any  clearly  defined  limit  Qentle 
folds  occur  and  are  traversed  by  numerous  fractures.  Von  Dechen  has 
enumerated  many  of  these  in  order  to  show  how  extreme  is  the  fragmenta- 
tion of  the  earth's  crust  in  this  region  \  A  mighty  fault  bounds  the  Coal- 
measures  on  the  south ;  according  to  SLliver's  estimate  its  throw  near 
Bexbad  and  Sankt  Ingbert  amounts  to  4,000  meters,  near  Dudweiler  to 
3,000  meters.  In  the  south  it  runs  from  Saarbriick  for  some  distance  past 
Forbach  in  the  direction  of  Saint- Avoid  towards  France,  probably  with 
a  bend  to  the  west-south-west,  and  Lepsius  has  followed  it  to  the  north- 
east as  far  as  Alzey  in  the  Rhine  valley  ^. 

Thus  this  transgressive  segment  is  sharply  separated  from  the  more 
southerly  heights  by  a  tremendous  subsidence  which  has  taken  place  along 
faults  following  in  the  main  the  strike  of  the  Devonian  chain,  but  we  must 
not  forget  that  these  mighty  movements  are  much  more  recent  than  the 
folds,  the  connexion  of  which  we  are  seeking  to  trace.  The  downthrown 
fragment  is  also  gently  folded,  either  by  compression  during  subsidence  or 
by  posthumous  movement.  It  presents  a  distant  resemblance  to  the  great 
trough  subsidence  of  Edinburgh  and  Glasgow. 

In  the  north-east  the  case  is  certainly  different.  On  the  west  side  of 
the  Spessart,  east  of  Hanau  and  Aschaffenburg,  gneiss  and  crystallipe 
schists  crop  out;  the  northern  outliers  of  the  Odenwald  near  Darmstadt 
also  approach  to  within  30  kilometers  of  the  southern  edge  of  the  Taunus, 
and  are  only  separated  from  it  by  the  recent  deposits  of  the  Rhine  valley. 
The  Odenwald  is  followed  across  the  Rhine  by  the  exposures  of  older 
rocks  on  the  east  side  of  the  Haardtwald,  emerging,  as  along  the  Odenwald 
and  the  Spessart,  from  beneath  a  thick  covering  of  Bunter  sandstone, 
while  still  further  to  the  south  rise  the  great  horsts  of  the  Vosges  and 
the  Black  Forest. 

We  have  already  described  the  way  in  which  these  mountains  have 
collapsed  (I,  pp.  194-197)  and  the  Mesozoic  table-lands  around  them  have 
been  let  down,  leaving  the  existing  heights  as  the  ruins  of  a  once  con- 
tinuous range.  These  fragments  have  been  left  standing,  like  the  remains 
of  an  ancient  edifice  surrounded  by  the  ruins  of  mighty  ramparts;  and 
we  have  now  to  consider  not  the  circumvallate  ramparts  but  the  structure 

^  H.  von  Dechen,  Uebersicht  der  Rheinprovinz,  pp.  269-275. 

^  Op.  cit.,  p.  261 ;  on  the  closely  but  not  exactly  corresponding  course  of  a  mtich 
later  fault,  instructive  information  is  g^ven  by  G.  Mayer,  Ueber  die  Lagerungsverh&lt- 
nisse  am  Sadrande  des  Saarbrdckner  Steinkohlengebietes,  Mittheil.  Gommiss.  f.  geol. 
Landes-Unters.  v.  Elsass-Lothr.,  1886,  I. 
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of  the  ancient  edifice  itself  as  preserved  in  the  surviving  fragments ;  we 
must  seek  to  discover  the  position  of  the  comer-stones,  or  perchance  of 
some  remnant  of  a  still  recognizable  cornice,  so  that  we  may  recover  the 
original  outline  from  the  ruins.  It  would  thus  be  our  task  to  examine 
the  direction  of  the  strike  and  the  succession  of  the  rocks  in  each  of  these 
several  horsts,  were  it  not  that  this  work  has  already  been  admirably 
accomplished  by  Richard  Lepsius,  who  has  made  use  of  all  the  obeervations 
collected  since  the  time  of  Peter  Merian ;  it  is  only  necessary,  therefore,  to 
recapitulate  the  results  already  obtained  ^. 

All  the  primitive  formations  on  both  sides  of  the  Rhine,  from  the  Jura 
mountains  to  the  Taunus,  have  a  common  strike,  and  this  is  parallel  to 
the  strike  of  the  Taunus.  The  whole  of  this  fundamental  mass,  now 
broken  into  fragments,  was  once  folded  by  a  common  tangential  force 
acting  from  south-south-east  to  north-north-west.  Gneiss,  mica  schists, 
and  isolated  beds  of  Devonian  and  Culm  follow  the  common  strike,  which 
may  be  disturbed  by  intrusive  granite  masses,  but  only  locally  or  within 
narrow  limits.  The  folding  took  place  towards  the  end  of  the  Carboni- 
ferous period.  On  the  folded  chain,  beds  1,200  to  1,500  meters  in  thick- 
ness, ranging  from  the  upper  Rothliegende  to  the  upper  Jurassic,  were 
deposited ;  then  the  chain  collapsed  along  great  lines  of  fracture ;  and  the 
table-land  of  Trias  and  Jurassic  rocks  subsided  at  least  2,500  meters  during 
the  interval  between  the  Tertiary  period  and  the  present  day. 

From  the  southern  end  of  the  Black  Forest  and  the  Vosges,  as  far  as 
the  overthrust  Coal-measures  near  Aix  and  on  the  Ruhr,  we  thus  see  one 
and  the  same  system  of  folds'  which  were  formed  towards  the  doee  of 
the  Carboniferous  period.  The  Black  Forest  and  the  Vosges,  as  far  as 
the  ancient  rocks  of  the  Spessart  near  Hanau  and  Aschaffenburg,  stand 
in  the  same  relation  to  the  Devonian  formations  of  the  Rhine,  from  the 
Taunus  to  the  Ruhr,  as  that  in  which  the  ancient  rocks  of  Brittany  and 
the  Cotentin,  together  with  the  gneiss  reefs  of  the  Eddystone,  stand  to  the 
folds  of  Devonshire  and  the  overfolded  Coal-measures  on  the  north  side 
of  the  Mendips  and  the  Bristol  Channel. 

Now  for  the  first  time  we  embrace  in  one  view  the  whole  breadth  of 
that  great  German  arc,  the  outer  border  of  which  enters  into  syntaxis^ 
in  the  north-east  of  France,  with  the  outer  border  of  the  Armorican 
arc  It  is  not  inferior  in  magnitude  to  the  latter,  nor  are  its  folds 
less  powerful. 

(c)  The  Harz.  This  horst  presents  the  form  of  an  ellipse  elongated 
from  west-north-west  to  east-south-east,  but  the  strike  of  the  beds  is 
transverse,  running  to  east-north-east  or  north-east.     This  is  very  clearly 

^  R.  LepsiuB,  Die  oberrheinische  Tiefebene  und  ihre  Randgebirge ;  Forschnngen  zur 
deutschen  Landes-  und  Volkskunde,  issued  by  R.  Lehmann,  I,  Heft  2,  8yo,  Stuttgart, 
1885,  p.  52  et  seq. 
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shown  in  Lossen's  beautiful  map  of  the  Harz  mountains,  as  well  as  in 
numerous  detailed  descriptions  of  the  district.  Lossen  believes  that  this 
dominant  strike  has  been  disturbed  in  certain  localities  by  later  folding 
in  another  direction,  but  Von  Oroddeck  does  not  regard  this  as  definitely 
proved  \ 

Devonian  beds  form  the  greater  part  of  the  Harz,  and  these  correspond 
so  closely  with  those  of  the  Schiefergebirge  of  the  Rhine  that  Von  Koenen 
regards  a  subterranean  connexion  of  the  two  masses  as  indisputable  K 

Two  granite  masses,  the  Brocken  and  the  Romberg,  rise  out  of  the 
Devonian  area ;  they  do  not  extend  along  the  strike  of  the  stratified  rocks, 
but  with  this  exception  resemble  in  their  most  important  features  the 
granite  bosses  in  the  Devonian  region  of  Cornwall.  They  produce  at 
most  only  a  local  deflexion  of  the  general  strike.  The  whole  of  the 
upper  Harz  is  folded,  according  to  Von  Oroddeck,  into  an  anticlinal,  both 
limbs  of  which  are  thrown  into  subsidiary  synclinals  and  anticlinals.  The 
south-east  limb  is  vertical  or  overturned,  while  the  north-west  limb  has 
a  regular  and  gentle  dip  ^.  In  the  central  Harz,  Kayser  describes  a  great 
anticlinal  of  lower  Devonian,  which  strikes  from  Herzberg  and  Lauterberg 
on  the  south-west  border  of  the  mountains  to  east-north-east  or  north-east, 
straight  across  them  to  Ramberg;  it  is  followed  both  on  the  north  and 
south  by  many  parallel  folds  \  Towards  the  north,  in  particular  on  the 
south-west  side  of  the  Brocken,  folds  occur  striking  directly  on  to  the 
granite  mass  ;  they  are  preserved  as  altered  fragments  resting  on  the  back 
of  this  laccolite,  which  is  now  exposed  by  erosion.  Most  of  these  folds 
are  overthrust  to  the  north-west.  In  the  south-east  part  of  the  Harz  the 
same  strike  prevails,  but  the  overthrusting  to  the  north-west  does  not 
occur  here.  On  the  contrary,  it  appears  from  Lossen's  description  that 
towards  the  south-east  border  overfolding  of  the  beds  takes  place  in  the 
opposite  direction,  so  that  in  this  part  of  the  Harz  fan-structure  is  met 
with^  In  the  Schiefergebirge  of  the  Rhine  also,  the  overfolding  to  the 
north-west  diminishes  as  we  approach  their  south-east  border.  The  Harz, 
indeed,  is  merely  a  portion  of  the  Rhenish  Schiefergebirge. 

(d)  The  mountaiTis  of  Saxony.  The  east-north-east  to  north-east  strike 
of  the  Black  Forest  points  to  the  middle  of  the  great  fractured  area  of 
south  Oermany.     The  country  to  the  north  of  Tubingen  and  Niimberg 

*  A.  von  Groddeck,  Jahrb.  k.  preuss.  geol.  Landesanst.,  1883,  p.  73,  note ;  cf.  above, 
note  2  on  p.  101. 

'  e.  g.  A.  von  Koenen,  Ueber  Dislokationen  westlich  und  stidweBtlich  vom  Harz ;  op. 
cit.,  p.  45,  1884. 

*  A.  von  Groddeck,  Zur  Kenntniss  des  Oberbarzer  Culm;  op.  cit.,  1882,  p.  67. 

^  £.  Eayser,  Ueber  das  Spaltensystem  am  sildwestlicben  Abfalle  des  Brockenmassivs, 
insbesondere  der  Gegend  von  Sankt  Andreasberg ;  op.  cit.,  1882,  p.  424. 

^  (Lossen);  Erl&uterungen  zur  geologischen  Specialkarte  von  Freussen  und  der 
Thttringischen  Staaten ;  Gradabth.  56,  Nr.  30,  Blatt  Wippra,  1883,  p.  36. 
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must  have  for  the  base  of  its  foundation  the  continuation  of  the  Black 
Forest,  and  as  soon  as  we  pass  Baireuth  and  cross  the  marginal  fractoreB 
on  the  east  of  the  great  subsidence  the  older  rocks  reappear  with  the  strike 
of  the  Black  Forest. 

The  chief  ridge  of  the  Erzgebirge  continues  the  north-easterly  directioD 
as  far  as  the  Elbe.  On  the  Bohemian  side  this  is  cut  off  by  a  great 
fracture,  on  which  a  long  series  of  Tertiary  volcanos  once  rose.  Towards 
Saxony  and  ThUringia,  however,  there  follows  a  series  of  great  parallel 
folds  driven  towards  the  north-west,  which  form  all  the  country  for  a  great 
distance  into  the  plain. 

We  will  first  consider  the  Fichtelgebirge  and  the  Frankenwald.  The 
structure  of  this  region  is  determined  by  two  directions;  one,  the  more 
important,  is  to  the  north-east,  the  other  to  the  north-west.  Glimbel, 
however,  has  justly  pointed  out  that  the  first  or  generally  dominant 
direction  finds  expression  in  folds,  the  second  in  fractures ;  butJt  is  the 
folds  only  which  now  interest  us,  and  not  the  fractures,  which  are  of  much 
more  recent  date^.  From  Oiimbers  very  detailed  descriptions  it  farther 
appears  that  the  great  granitic  intrusions  of  the  Fichtelgebirge  and  Selb, 
which  surround  the  sources  of  the  river  Eger,  influence  the  general  strike 
of  the  gneiss  and  the  ancient  schists  on  the  north-east  to  so  small  an 
extent  that  even  the  Cambrian  fragment  of  Wunsiedel,  surrounded  on 
three  sides  by  granite,  retains  the  normal  strike  unchanged.  Thus  the 
Fichtelgebirge  is  but  the  western  extremity  of  the  Erzgebirge,  and  the  same 
strike  is  maintained  from  the  marginal  fractures  of  the  south-German 
subsidence,  near  Goldkronach,  as  far  as  the  Elbe.  The  Erzgebirge,  however, 
is  the  principal  and  characteristic  range  of  the  whole  mass  of  Saxony. 

Towards  the  north  this  principal  range  is  immediately  followed  on  the 
west  by  closely  folded  Palaeozoic  slates,  and  then  rising  out  of  them  comes 
the  gneiss  of  the  MUnchberg  in  a  broad  elliptical  masa  It  extends  to  the 
north-east  from  the  marginal  fractures  into  the  immediate  neighbourhood 
of  the  town  of  Hof,  where  the  Cambrian  appears  and  formis  its  border. 
The  MUnchberg  mass  presents  a  most  instructive  picture  of  a  gneiss  core 
of  the  Alps,  denuded  almost  to  its  base.  The  smaller  folds  and  crumplings 
have  vanished ;  the  simplified  elliptical  outline  and  the  overfolding  to  the 
north-west  remain  ^ 

The  strike  to  the  north-east  is  maintained  throughout  the  whole  of  the 
Frankenwald  and  also  through  the  Thiiringerwald,  so  far  as  it  is  not  con- 
cealed by  Permian  rocks.  We  know  that  the  Thiiringerwald  is  a  horst, 
bounded  on  one  side  by  the  continuation  of  the  marginal  fractures  of  the 

^  G.  W.  Gttmbel,  Geog^ostische  Beschreibung  des  Fichtelgebirges  mit  dem  Franken- 
waJde  und  dem  westlichen  Vorlande  (Geognostische  Beschreibung  des  EOnigreicheB 
Bayern,  III),  8vo,  Gotha,  1879,  in  particular  pp.  97,  628  et  seq. 

'  Id.,  op.  cit.,  p.  635  et  passim. 
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great  south-German  sunken  area,  which  extends  past  Coburg  and  Mein- 
ingen,  and  on  the  other  side  by  the  marginal  fractures  of  the  northern 
sunken  area  in  the  neighbourhood  of  Qotha  and  Weimar.  Thus,  then,  in 
the  Thiiringerwald,  the  beds  strike  transversely  across  the  mass,  and  this 
range  of  heights  reproduces  the  structure  of  the  Cotentin  \  The  strike  of 
the  beds  in  eastern  Thiiringia,  the  Carboniferous  age  of  the  chief  folding, 
and  the  Permian  transgression  have  been  described  in  detail  by  Liebe  ^ 

Refraining  from  all  detailed  description  we  now  pass  to  the  structure 
of  the  western  part  of  the  kingdom  of  Saxony.  This  is  another  fragment 
of  the  same  mass. 

In  1876  H.  Credner  expressed  for  the  first  time  the  opinion  that  the 
Erzgebirge  is  not  an  independent  mountain  range,  but  rather  the  most 
southerly  of  three  parallel  folds  which  run  from  south-west  to  north-east 
through  the  west  of  Saxony.  The  middle  fold  to  the  north  of  it  is  a  very 
symmetrical  anticUnal,  known  as  the  Mittelgebirge  or  the  granuUte  moun- 
tains of  Saxony,  and  the  most  northerly  fold,  also  an  anticlinal,  though 
covered  fbr  the  greater  part  by  recent  alluvial  land,  forms  the  mountains 
of  LiebschUtz,  near  Strehla  on  the  Elbe  ^. 

Just  as  the  elliptical  mass  of  the  Munchberg  gneiss  lies  in  front  of  the 
western  Erzgebirge,  so  here,  in  front  of  the  same  chain,  lies  the  ellipse 
of  the  Saxon  Mittelgebirge,  directly  north  of  Chemnitz.  The  towns  of 
Glauchau,  Bochlitz,  Dobeln,  and  Hainichen  may  serve  to  indicate  its 
boundaiy.  The  ellipse  is  somewhat  larger  than  that  of  the  Miinchberg, 
its  border  more  regular  and  its  abrasion  still  further  advanced,  but  the 
main  features  of  its  structure  are  the  same,  and  Credner's  map  of  the 
range,  like  GUmbers  map  of  the  Munchberg  mass,  gives  us  the  plan  of 
a  much  worn-down  mountain  core  *. 

^  The  north-easterly  strike  of  the  Thiiringerwald  is  clearly  represented  on  Richter's 
general  map  in  Zeitschr.  deutsch.  geol.  Ges.,  1851,  XX,  pi.  zz;  likewise  in  Credner, 
Versuch  einer  Bildungsgeschichte  des  ThUringerwaldes,  8vo,  1855,  and  in  more  recent 
works,  e.  g.  H.  Loretz,  Beitrag  zur  geologischen  Eenntniss  der  cambrisch-phyllitischen 
Schieferreihe  in  Thttringen,  Jahrb.  k.  preuss.  geol.  Landesanst.,  1881,  p.  244,  in 
particular  the  corresponding  sheet  of  the  special  map ;  in  the  present  work  the 
fractures  have  been  discussed  in  vol.  I,  p.  193.  Lately  Loretz  has  distinguished  in  the 
south-east  of  the  Thtlringerwald,  besides  the  close  and  general  folding  in  the  direction 
of  the  Erzgebirge,  other  wide  undulations,  on  a  great  or  even  veiy  great  scale,  most 
of  which  also  strike  to  the  north-east  but  some  to  the  north-west ;  Loretz,  Zeitschr. 
deutsch.  geol.  Ges.,  1886,  XXXVIII,  pp.  468,  469. 

'  E.  T.  Liebe,  Uebersicht  Uber  den  Schichtenaufbau  Ostthiiringens ;  Abh.  geol. 
Specialkarte,  Preuss.  etc.,  1884,  V,  pp.  398  and  580,  map,  et  passim. 

'  H.  Credner,  Das  vogtl&ndisch-erzgebirgische  Erdbeben  vom  23.  November  1875, 
Zeitschr.  ges.  Nat.  Halle,  1876,  XLVIII,  p.  261 ;  also  by  the  same,  Ueber  das  erzgebiig- 
ische  Faltensystem,  Vortrag  gehalten  auf  dem  2ten  deutschen  Bergmannstage,  8vo, 
Dresden,  1883. 

*  Id.,  Das  s&chsische  Granulitgebirge  und  seine  Umgebung,  8vo,  Leipzig,  1884,  map,  in 
particular  p.  61  et  seq. 
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A  noteworthy  interval  lies  between  this  great  ellipse  and  the  'Eag^- 
birge.  The  Archaean  rocks  of  the  Erzgebirge  are  followed  by  a  Silurian 
zone;  then  to  the  east  of  Hainichen  and  Frankenberg  the  gneiss  of  the 
Erzgebirge  appears  once  more,  as  a  wedge  20  kilometers  in  length,  and 
between  this  and  the  border  of  the  ellipse  lie  Culm  and  Cambrian  phyllite. 
To  the  south-west,  however,  in  the  direction  of  Chemnitz  the  steeply 
upturned  Culm  is  covered  by  upper  Carboniferous  of  the  same  age  as 
Saarbriick  beds,  and  by  Rothliegende.  These  younger  beds  are  horizontal, 
and  indicate  once  more,  as  in  so  many  other  places,  the  magnitude  of  the 
disturbances  which  must  have  occurred  before  the  conclusion  of  the 
Carboniferous  period. 

It  is  the  most  northerly  of  the  three  anticlinals  of  Saxony  which  lies 
most  deeply  buried  beneath  younger  deposits.  Its  oldest  rocks  crop  out, 
as  we  have  seen,  near  Strehla.  Credner  has  shown  that  the  series  of 
exposures  of  greywacke,  which  begins  at  Hainichen  and  Otterwisch  (north- 
east of  Boma),  runs  over  the  Deditzberg  near  Orimma  to  the  Colhnbeige 
and  nearly  up  to  the  Elbe,  corresponds  to  the  southern  side  of  the  anti- 
clinal, while  the  northern  flank  is  visible  immediately  to  the  south  of 
Leipzig  ^. 

This  anticlinal  reaches  the  Elbe  with  an  east-north-east  strike,  bat  near 
Kiesa,  not  far  to  the  south-east  of  it,  there  crop  out  Archaean  rocks,  which 
strike  from  north-west  to  south-east  in  the  direction  of  the  Riesengebiige 
and  the  western  part  of  the  Sudetes.  In  these  exposures  of  Rieea  we 
may  doubtless  recognize  the  continuation  of  the  long  gneiss  band  of 
QroBsenhain,  which,  according  to  Naumann,  proceeds  &om  the  district 
north  of  Dresden,  and  runs  from  the  south-east  in  a  gentle  carve  to 
reach  the  Elbe  directly  east  of  Riesa.  A  broad  tract  of  Palaeozoic  rocks 
extends  north  of  this  band  of  gneiss  into  the  neighbourhood  of  Ortrand, 
and  fonus  the  commencement  of  the  great  Palaeozoic  zone  which  runs 
from  this  point  through  the  whole  of  Lusatia  to  lower  Silesia,  past 
Kdnig8l)erg,  Camenz,  and  Gorlitz,  to  the  graptolite  slates  of  Lauban;  it 
forms  an  important  element  in  the  structure  of  the  Sudetes,  and  may  be 

'  H.  CrtHlner,  Dor  Boden  der  Stadt  Leipiig,  8vo,  Leipzig,  1853,  p.  7.  ProfeMor 
Crednor  has  been  kind  enough  to  furnish  me  with  the  following  observations  which  have 
an  important  bearing  on  the  questions  treated  here:  (1)  Phyllites  of  Wellerawalde, 
strike  N.  75^  £.,  dip  steop  to  SSK. ;  (2)  Andalusite  mica  schisU  of  Clanschwits,  strike 
N.  60*  Km  dip  vortii'al;  (8)  numerous  outcrops  of  lower  Silurian  greywackes,  strike 
N.  4^*>50*  K.  to  N.  60"*  K.,  si^metimes  N.  70*  £..  dip  steep  to  south.  The  greywaoke 
|>resonts  in  its  ea^torn  courae  towards  the  Elbe  a  strike  of  N.  45^-50*  £.,  further  to  the 
west  towards  the  CoUmbergt'  of  N.  00^-75*  K.  As  far  as  Hainichen,  strike  WSW.-ESE. 
and  dip  to  the  south.  SSR.  from  the  Stn^hla  mountains  and  S.  of  Rieaa  some 
isolates!  l^osses  of  crystalline  schists  (gneis^n,  hornblende  schist,  &c.)  emerge  from  the 
diluvium.  These  strike  SE.>N\V.,  that  is  almost  at  right  angles  to  Uie  greywacke  lone 
of  Oschats-Strehla.    The  detailed  survey  of  Lusatia  is  not  yet  completed. 
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followed  much  farther  still,  striking  at  first  east-south-east,  then  south-east, 
and  afterwards  more  and  more  to  south-south-east. 

Notwithstanding  the  deflexion  of  the  strike  at  what  is  supposed  to  be 
the  north-eastern  extremity  of  the  gneiss  band  of  Grossenhain  (a  deflexion 
compensated  further  to  the  east  by  a  great  extension  of  the  greywacke 
zone),  I  nevertheless  believe  that  the  greywacke  exposed  on  the  left 
bank  of  the  Elbe  up  to  Oschatz  and  Strehla  must  be  regarded  as  a  con- 
tinuation of  the  greywacke  on  its  right  bank.  In  this  I  agree  with 
Naumann  and  Cotta,  who  assumed  the  existence  of  such  a  continuity 
many  years  ago^ 

(e)  The  Sudetea.  A  tremendous  fracture  cuts  off  the  south  side  of  the 
Biesengebirge  and  extends  beyond  Dresden.  On  the  outer  edge  of  the 
mountains,  as  we  have  already  seen,  the  folded  zones  on  the  two  sides 
of  the  Elbe  fit  together  fairly  well.  The  eastern,  that  is  the  Sudetic 
side  of  the  mountains,  shows  this  adaptation  to  a  common  arc  most 
plainly,  for  towards  Moravia  the  strike  becomes  almost  north-east.  From 
this  point  the  several  zones  of  the  mountains  must  bend  round  through 
90^  in  order  to  adapt  themselves  in  some  measure  to  the  arc,  and  this 
they  do. 

I  do  not  propose  to  discuss  in  detail  the  structure  of  the  Sudetic  arc, 
since  the  authors  of  the  geological  maps  of  lower  and  upper  Silesia  have 
represented  it  in  so  clear  a  manner.  The  arcuate  plan  would  be  still  more 
obvious  were  it  not,  apart  from  the  fracture  of  the  inner  border,  that  there 
is  a  complete  absence  of  correspondence  between  the  outer  border  of  the 
mountains  and  their  structure.  From  the  Katzbach  onwaids,  past  Frei- 
burg and  Jauemig  the  mountains  are  cut  off  obliquely  by  a  long  line, 
which  cannot  be  other  than  a  fracture,  and  beyond  Jauemig  on  the  one 
hand  and  Ziegenhals  and  Hotzenplotz  on  the  other  we  see  the  several 
Palaeozoic  zones  of  the  arc  with  a  north-north-west  strike  disappear  one 
after  the  other  beneath  the  plain.  Their  continuation  probably  lies  con- 
cealed somewhere  to  the  north  of  the  Zobten. 

The  stratified  series  of  these  mountains,  particularly  the  Devonian, 
shows,  as  we  have  already  seen,  a  close  resemblance  to  that  of  the  other 
fragments  of  arcs  as  far  as  the  Rhine.  In  this  region  also  the  most  im- 
portant movements  occurred  towards  the  close  of  the  Carboniferous  period, 
certainly  before  the  Rothliegende.  The  subsequent  folding,  not  only  of 
the  Permian  but  also  of  the  transgressive  Cretaceous  beds,  into  synclinals 
which  follow  the  general  strike  of  the  arc,  as  on  the  Heuscheuer  and  in 
the  basins  of  Lowenberg  and  Lahn,  shows  that  posthumous  movements 
have  occurred  similar  to  those  of  the  south  of  England. 

'  B.  Cotta,  ErMntemngen  zu  Section  VI  der  geognostischen  Charte  des  EOnigreiches 
Sachsen,  8vo,  1839,  p.  46;  Naumann  und  Cotta,  Erl&uterungen  zu  Section  X,  1845, 
p.  448. 
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Qreat  masses  of  granitic  rocks  rise  out  of  the  western  part  of  the  ehain 
on  its  inner  side ;  but  Roth  very  justly  remarks  that  the  foldings  and 
dislocations  of  the  stratified  rocks  cannot  be  ascribed  to  the  granite ;  these 
phenomena  are  more  probably  connected  with  movements  of  the  earth's 
crust  'during  which  opportunity  was  afforded  to  the  granites  to  force 
their  way  upwards/  Beyrich  thinks  we  may  assume  that  these  gronitea, 
like  those  of  the  Harz  and  Devonshire,  were  intruded  during  the  Devonian 
or  the  early  part  of  the  Carboniferous  period  \ 

In  lower  Silesia  the  chief  structural  features  of  the  country  have  been 
determined  by  F.  Bocmer,  and  the  researches  carried  out  on  Austrian 
territory  show  that  in  the  neighbourhood  of  the  Altvatergebirge  pheno- 
mena of  compression  occur  which  equal  in  intensity  those  of  the  Alps,  both 
as  regards  the  position  of  the  strata  and  the  alteration  of  the  rocks  ^ 

(/)  Swmmary.  We  have  now  reached  the  eastern  extremity  of  the 
great  shattered  mountain  arc  of  Central  Europe.  Its  outer  border  may 
be  traced  from  the  syntaxis  near  Valenciennes  as  far  as  the  Rhine,  and 
after  it  has  crossed  the  river  in  a  sigmoid  curve  may  be  followed  some 
distance  further  along  the  Ruhr ;  its  continuation  on  the  east  lies  in  the 
coalfields  of  lower  Silesia  and  Moravia.  Towards  the  interior  foUows 
a  broad  zone,  chiefly  Devonian,  which  extends  through  the  Ardennes,  (m 
the  Rhine  up  to  the  southern  border  of  the  Taunus,  in  the  Hars,  and  in 
the  more  distant  parts  of  the  Sudetes.  The  zones  lying  still  further 
towards  the  interior  consist  principally  of  crystalline  rocks;  they  are 
traversed  by  more  closely  folded  zones  of  Silurian,  Devonian,  and  Culm, 
and  form  the  mountains  of  the  Rhine  from  the  Taunus  up  to  the  southern 
end  of  the  Black  Forest,  the  Fichtelgebirge  and  Erzgebirge  with  the 
Frankenwald  and  Thiiringerwald,  the  Riesengebirge,  and  a  part  of  the 
Sudetes. 

Like  the  Armorican  mountains  this  arc  was  folded  chiefly  towards  the 
close  of  the  Carboniferous  period,  certainly  before  the  Rothliegende,  and 
was  broken  up  at  various  times.  But  here  too  posthumous  movements  have 
occurred,  and  these  appear  most  clearly  in  the  Cretaceous  basins  of  the 
Sudetes.  Great  transgressions  over  the  folds  begin  in  the  upper 
Carboniferous,  as  for  example  in  the  coal  district  of  the  Saar. 

The  highest  summits  of  this  ancient  range  probably  stood  on  the  site 
of  the  Ballons  des  Vosges,  in  the  south  part  of  the  Black  Forest,  on  the 
line  running  thence  to  the  Erzgebirge,  on  this  range  itself,  and  on  the  inner 
side  of  the  Sudetic  fragment    But  nowhere  do  the  outlines  of  the  ancient 

^  Justus  Roth,  Erl&uterungen  zu  der  geognostischen  Karte  vom  Niederschlesischen 
Gebirge  und  den  umliegenden  Gegenden,  8vo,  Berlin,  1867,  p.  390. 

'  A  new  series  of  researches  is  now  in  progress;  von  Camerlander,  Reiaebericht 
aus  W.  Schlesien,  Verh.  k.  k.  geol.  Reichsanst.,  1886,  pp.  294-301 ;  F.  Becke  and 
M.  Schuster,  op.  cit,  1887,  pp.  109-119. 
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mountain  cores  stand  oat  so  clearly  as  in  front  of  this  main  line,  in  the 
gneiss  mass  of  the  Munchberg  near  Hof ,  and  in  the  granulite  mountains 
of  Saxony.  It  is  thus  fitting  that  the  name  of  this  range,  which  includes 
most  of  the  German  horsts,  should  be  borrowed  from  the  land  of  the 
Varisci  or  the  Vogtland;  and  we  shall  name  it  therefore  the  Variscan 
range^  from  the  Latin  name  of  Hof  in  Bavaria  {Curia  Variscorum). 

9.  The  ayntaxis  of  Central  Europe,  In  a  previous  chapter  (I,  p.  421) 
we  became  acquainted  with  the  syntaxes  of  India.  The  arcs  of  the 
Him&laya  and  those  of  the  Hindu  Kush  advance  like  a  succession  of 
gigantic  folds  on  the  surface  of  two  viscous  streams  moving  to  the  south- 
west and  south-east ;  they  meet  each  other  along  a  line,  indicated  in  the 
south  by  the  river  Jehlam,  which  may  be  followed  far  into  the  mountain 
region  with  a  direction  almost  due  north,  only  deviating  a  little  to  the  east. 
We  seo,  betiH^,  that  the  folds  of  the  f orelying  Tertiary  land  follow  similar 
lines,  though  tLe  re-entrant  angle  of  the  outer  border  is  somewhat  more 
obtuse  than  at  the  junction  on  the  inner  side  of  the  chains. 

We  must  now  turn  our  attention  to  the  syntaxis  of  the  Armorican  with 
the  Vaiigcs^  folds.  In  the  great  mountain-ranges  of  Asia  the  chief  obstacle 
to  a  more  exact  knowledge  of  the  country  lies  in  its  impracticable  nature ; 
here  the  difEicviii^  are  of  another  kind.  Everywhere  the  chain  is 
completely  worn  down,  so  that  scarcely  a  trace  of  the  original  configuration 
of  the  surface  can  be  recognized ;  on  the  ground  plan  thus  lying  before  us, 
the  true  lines  of  structure,  appearing  generally  as  long  denuded  folds,  or 
parallel  fractures  of  great  length,  must  be  carefully  distinguished  from 
a  number  of  others,  various  in  character  and  of  secondary  importance, 
or  from  merely  superficial  features,  frequently  regarded  as  characteristic. 
In  determining  the  orientation  of  the  so-called  mountain  systems  we 
depend  sometimes  on  the  direction  of  intrusive  granite  cores  or  lines  of 
volcanos,  sometimes  on  the  marginal  fractures  of  horsts,  and  often  even  on 
the  trend  of  ridges  formed  by  erosion,  or  indeed  of  watersheds.  But  it  is 
evident  that  in  folded  ranges  only  the  folds  themselves  and  the  longitudinal 
fractures  or  thrusts,  by  which  they  are  accompanied,  should  be  taken  into 
account,  and  it  is  equally  evident  that  in  a  profoundly  abraded  range 
Archaean  rocks  will  form  the  greater  part  of  the  surface;  of  the  sedimentary 
beds  which  once  covered  them,  only  the  innermost  wedge-shaped  extremities 
of  the  chief  synclinals  will  be  preserved. 

From  this  it  follows  that  the  very  long  pinched-in  bands  of  Silurian, 
Devonian,  Culm,  and  Carboniferous,  which  may  be  met  with  here  and  there 
in  the  Archaean  regions,  furnish  the  true  trend-lines  and  guide  us  to  the 
course  of  the  great  mountain  ranges  of  former  times. 

In  the  region  where  we  might  expect  to  find  the  inner  branches  of  the 
two  ancient  mountain  arcs  of  Central  Europe  uniting  in  syntaxis,  rises  the 
Central  Plateau  of  France.     This  vast  mass,  composed  chiefly  of  gneiss  and 
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granite,  terminates  in  the  east,  towards  the  valley  of  the  Rhone  and  the 
Saone,  in  a  long  slope  running  north  and  south,  which,  as  we  shall  sec 
directly,  cuts  obliquely  across  the  structural  features  of  the  mass,  and  is 
therefore  a  fracture.  From  the  neighbourhood  of  Valence  and  Privaii, 
where  a  great  stream  of  basalt  flows  down  from  the  heights  into  the 
valley,  the  boundary  line  of  the  Central  Plateau  trends  to  the  soath-sooth- 
west,  nearly  as  far  as  Le  Vigan  on  the  upper  H^rault,  and  even  farther,  to 
Carcassone,  if  we  include  the  Montague  Noire ;  thence  it  runs  to  the  north- 
west, describes  a  concave  arc  in  the  direction  of  Fig&c,  passes  to  the  east 
of  PArigueux,  turns  round  Limoges  in  a  broad  curve  and  then  rons  east- 
north-east  past  Saint- Amand  towards  Avallon  at  the  northern  point  of  the 

Morvan. 

This  outline  is  interrupted  by  three  great  bays.  Two  of  them  lie  dose 
together  and  correspond  to  the  valleys  of  the  Loire  and  the  Allier ;  one  of 
these  cuts  off  the  Morvan ;  they  are  separated  from  one  another  by  the 

spur-shaped  range  of 

Forez.    We  have  il- 

•  9 1  ready   seen  that  the 

3^:$  Morvan,    which   pio- 

jects  towards  the 
north,  is  sorroandad 
by  faults  (I,  p.  2M); 
it  may  be  compared 
to  the  Cotentin   and 

.  11.     Diagrammatic  section  qf  the  Archaean  foundation  and   the        ThtLringerwald. 
mts  of  Mesoeoic  rocke  on  Mont  Lozire,  After  Fabre  K  rm       i  •  n 

The  two  nver  valleys 
right  and  left  of  the  chain  of  Forez  are  filled  with  fresh-water  deposits  of 
the  upper  Tertiary,  and,  on  the  Allier  especially,  with  the  products  of  recent 
volcanos. 

Tlie  southern  *bay*  differs  completely  in  structure.  It  opens  north- 
west of  Montpellier  between  Le  Yigan  and  Lodfeve  and  extends  with  an 
irregular  outline  to  the  north-east  as  far  as  Mende,  to  the  north-west  into 
the  region  between  Lot*  and  Aveyron.  This  region,  surrounded  by 
mountains  of  gneiss  and  granite,  consists  of  Jurassic  limestone  forming 
plateaux  which  for  the  greater  part  bear  the  name  of '  les  Gausses.'  The 
plateau  of  Larzac  forms  its  southern  part.  The  whole  region  of  the 
Gausses  is  generally  regarded  as  a  ^Jurassic  gulf,'  and  the  Gevennes  and 
the  Montague  Noire  as  the  shores  of  this  gulf  ^.  Against  this  conception, 
however,  the  steep  and  bare  escarpments  of  the  Gausses,  as  well  as  the 

*  P.  Gourret,  Constitution  g^logique  du  Larzac  et  des  Causses  mMdionaiix  da 
Languedoc ;  Ann.  Sci.  geol.,  1884,  XVI,  pp.  1-229,  map  and  plate. 

'  6.  Fabre,  Snr  les  prenves  de  la  submersion  du  Mont  Loz^re  k  T^poque  juraadqiie ; 
Ball.  Soc.  gM.  de  Fr.,  1873,  3«  s^r.,  I,  p.  323. 
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nnmerooa  EatiltB  hy  which  they  are  traversed,  soggeet  a  warning.  Tba 
Cansses  are  only  a  downUirowh  fragment  of  the  vast  Meeozoic  covering 
which  once  extended  over  a  great  part  of  the  Central  Plateau  and  here 
remains  preserved.  The  same  explanation  applies  to  the  survival  of 
&  patch  of  Reaper,  on  the  summit  of  the  Soaquet  in  the  Cevennee, 
at  a  height  of  1,300  meters  ^ 

While  the  Central  Plateau  is  thus  bounded  on  the  north-east,  east,  and 
sooth  hy  lines  of  fracture,  its  extreme  western  end  is  seen  to  dip  beneath 
the  depression  of  Poitiers;  and  since  the  Archaean  foundation  is  visible 
in  so  many  places  between  this  western  end  and  the  south-eastern  part 
of  the  Archaean  hills  of  the  Vend^  and  Deux-Sfevrea  near  Saint-Maixent, 
which  lies  opposite  to  it,  it  is  clear  that  the  superficial  covering  which 
separates  the  Central  Plateau  from  the  mass  of  Brittany  is  of  very  trifling 
thickness. 

Volcanic  masses,  such  as  the  Mezen  and  the  eruptive  centres  between 


Fie.  12.    9acNen  Oimugh  M<  AttAraeitt  hatin  i^CbtlaaaeB  en  Uw  l«Mr  Loin,  «fUr  Fagte*. 


the  Loire  and  the  Allier,  the  Cantsl,  Mont  Dore  and  the  volcanos  near 
Clermont,  are  superposed  on  the  Central  Plateau,  but  they  do  not  concern 
OS  here,  since  onr  object  is  to  determine  the  direction  of  the  syntactic  folds. 

Let  us  begin  our  description  in  the  west. 

An  extremely  thick  band  of  gneiss  and  granite  runs  from  the  Morbihan 
in  a  south-easterly  direction  past  Nantes  to  Fartenay  and  Saint-Maixent. 
It  is  clearly  the  same  as  that  which  becomes  visible  below  Poitiers  and 
is  continued  into  the  Central  Plateau.  On  its  northern  edge  we  observe 
a  continuous  band  of  Devonian  and  anthracite-bearing  Culm  beds,  over 
100  kil(Hneter8  in  length,  which  is  pinched  into  the  ancient  formations.  It 
begins  near  Nort,  north  of  Nantes,  describes  like  the  Armorican  arc  a  gentle 
curve  to  the  north,  is  cut  through  obliquely  by  the  Loire  near  Chalonnes, 

'  E.  Dtunaa,  Statiatiqne  (f^ologique,  min^ralogique,  mdtallurgiqae  et  pal^ontologique 
da  d^partement  du  Gard,  8vo,  Fam,  1876,  p.  155. 

*  A.  Bnnt,  Lea  Eonillena  de  la  France,  8vo,  P&riB,  1867,  atlaa,  pi.  23,  fig.  1. 


114  THE  OUTLINES  OF  THE  ATLANTIC  OCEAN  [PAnrni 

and  reaches  the  outer  border  of  the  horst  near  Dou^  south-west  of  Saumor. 
In  this  long  narrow  band  the  plication  of  the  beds  is  so  intense,  that  the 
same  horizon  of  the  Culm,  bent  back  upon  itself,  actually  appears  three 
times  in  the  same  transverse  section,  and  it  was  for  a  long  time  supposed 
that  the  Devonian  and  anthracite  were  regularly  interbedded.  In  the 
most  important  exposures  the  beds  converge  as  they  dip  steeply  down- 
wards. Such  is  the  aspect  of  the  crushed  extremity  of  a  synclinal  fold 
as  it  occurs  in  the  Swiss  Alps  under  the  most  extreme  conditions  of 
compression  and  rolling  out.  There  we  meet  with  Jurassic  limestone  in 
gneiss,  here  with  Devonian  and  Culm;  the  tectonic  process  is  the  same; 
and  thus  the  band  of  anthracite  on  the  lower  Loire  provides  us  with  the 
trend-line  of  a  mountain  chain  folded  to  the  north  with  great  intensity,  and 
once  undoubtedly  of  great  height. 

To  the  south  of  the  band  of  granite  and  gneiss  just  mentioned,  there  lies 
near  Chantonnay  and  Vouvant  the  coalfield  of  the  V end^ ;  it  is  faulted  * 
down  into  the  gneiss,  and  is  about  60  kilometers  long ;  it  strikes  also  to  the 
south-east,  and,  in  the  midst  of  the  ancient  rocks,  is  accompanied  along  its 
whole  length  by  an  isolated  strip  of  Jurassic  sediments.  Grand-Euiy 
assigns  it  to  the  middle  Carboniferous.  Burat  observes  that  the  directioii  of 
this  Carboniferous  inlier  coincides  with  that  of  the  south-western  border 
of  the  Central  Plateau,  which  is  accompanied  by  a  series  of  small  exposoree 
of  Carboniferous ;  all  of  them,  like  the  border  itself,  striking  to  the  south- 
east and  subsequently  finding  their  continuation  in  the  coalfield  of  Aubin; 
this  lies  transversely  across  the  region  uniting  the  Montague  Noire  with 
the  Central  Plateau,  and  strikes  right  into  the  region  of  the  Causses  \ 

It  would  thus  appear  that  the  south-western  border  of  the  Central 
Plateau  must  be  regarded  as  one  of  the  Armorican  trend-lines,  bat  since 
according  to  Qrand-Eury  these  exposures  are  younger  than  the  Carboniferous 
of  the  Vend^,  and  the  distance  between  the  two  groups  is  also  great,  tlus 
question  may  still  be  considered  as  open. 

The  presence  of  Variscan  trend-lines  in  the  Central  Plateau  is  very 
cleckrly  marked.  The  primitive  formations  may  be  seen  at  many  places 
to  the  west  of  the  Vosges  beneath  the  Mesozoic  covering,  as  for  example  on 
the  Moselle  near  £pinal  and  at  the  bottom  of  many  valleys  right  up  to  the 
neighbourhood  of  Bourbonne-les-Bains.  To  the  east  of  the  Morvan  the 
granite  also  crops  out  at  many  places  near  Sombemon,  west  of  Dijon,  and 
the  exposures  indicate  a  subterranean  connexion  running  from  the  Vosges 
in  a  south-westerly  direction  through  the  Cdte  d'Or  towards  the  Central 
Plateau. 

In  the  interior  of  the  Central  Plateau  a  long  '  line '  appears  as  the  most 
important  feature. 

^  Burat,  op.  cit.,  p.  199. 
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Near  Dedze,  on  the  Loire,  a  fragment  of  Carboniferoas  crops  out  in 
the  plain  betTreen  two  faults.  It  ie  tbe  forerunner  of  a  long  and  con- 
tinaona  Beriee  of  ooolfielda,  wbich  begin  near  Sanvigny  on  the  northern 
border  of  the  ancient  mass  and  extend  almoet  -withont  interruption  to 
Hfanx,  south  of  Manriac,  south  of  the  Dordogne.  This  line  is  160  kilometeis 
in  length,  or  if  we  continue  it  to  Decize,  220  kilometers;  its  direction  is 
N.  16*  &. ;  Decize  lies  a  very  Uttle  further  to  the  east,  in  accordance  witii 
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the  general  run  of  the  Variscan  arc.  '  This  remarkable  arrangement,' 
wrote  £lie  de  Beaumont  in  1841,  'may  be  easily  explained  if  we  assume 
that  the  ancient  formations  have  been  folded  back  upon  themselves,  and 
that  these  Carboniferous  deposits  are  only  the  remains  of  once  much  more 
extensive  Coal-measures  which  were  overpowered  by  the  fold  formed  on 

*  A.  Baltzei,  Der  mechanische  Contact  von  Gneiss  and  Ealk  im  Bener  Obertand ; 
Beitr.  z.  geoL  Karte  dec  Schweb,  XX,  1880,  atlas  in  folio,  pi.  z,  fig.  1. 
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the  surface  of  the  ancient  rocks  ^'  Only  a  master  mind  of  deep  ii 
could  have  arrived  at  this  view  at  that  early  period;  we  now  reoognin 
a  long  Variscan  trend-line  stretching  into  the  more  distant  and  southerly 
parts  of  the  Central  Plateau. 

In  studying  more  closely  the  Coal-measures  of  the  Central  Plateau  we 
must  now  bear  in  mind  that  at  various  parts  of  its  margin,  as  for  inwtMiee 
around  the  spur  of  the  Morvan^  as  well  as  towards  the  south,  patches 
of  Carboniferous  occur  steeply  upturned  along  the  marginal  fractores, 
lying  sometimes  in  little  trough  subsidences,  sometimes  at  the  base  of 
downthrown  marginal  segments,  precisely  as  on  the  border  of  the  Han 
and  on  the  transverse  fracture  of  the  Fichtelgebirge  near  Goldkronaeh. 
Among  these  marginal  segments  we  may  doubtless  include  the  coalfield 
of  Autun  on  the  eastern  border,  which  is  partly  of  Permian  age.  For 
a  knowledge  of  the  inner  structure  of  the  mass,  however,  only  those  zones 
are  of  importance  which  follow  definite  lines  within  the  mass  itself. 

Many  years  ago,  French  geologists  believed  that  an  intimate  oonnexicm 
existed  between  the  older  formations  of  the  Vosges  and  the  Central 
Plateau.  In  1856  Coquand  pointed  out  that  the  little  granite  boss  of  Serve, 
near  Ddle,  was  a  true  connecting  link  between  these  two  great  masses^  and 

>  'Saisis  dans  la  ride.'  Dufr^noy  et  £lie  de  Beaumont,  Explication  de  la  Ouie 
g^ologique  de  la  France,  4to,  Paris,  II,  1841,  p.  625  et  seq.  ^lie  de  Beaumont  exprSHiy 
included  this  line  in  his  '  Syst^me  du  Rhin,*  but  he  understood  by  this  term  not  tlie 
direction  of  the  folds  of  the  Rhine  mountains,  but  of  the  Rhine  fractures,  which  cut  the 
strike  at  an  acute  angle.  The  curve  of  the  great  arc  brings  the  trend-lines  of  the  folds 
themselves  into  the  same  direction  in  the  Central  Plateau  as  the  fractures  present  on  the 
Rhine.  But  the  truth  of  the  comparison  with  the  infolded  synclinals  of  the  Alps 
appears  from  the  fact  that  in  one  of  the  many  small  bands  of  the  Carbonifeioas 
formation  which  lie  outside  this  main  line,  at  Langeac  on  the  Allier,  not  only  does  the 
Carboniferous  formation  of  the  border  dip  beneath  the  gneiss,  as  happens  often  enough, 
but  the  gneiss  lies  for  a  great  distance  upon  the  Carboniferous.  According  to  Amiot^s 
description  the  overthrust  mass  of  gneiss  has  a  length  of  one  kilometer,  and  attains 
a  breadth  of  500-600  meters  ;  one  shaft  traversed  36,  another  80  meters  of  gneiss, 
before  it  reached  the  Coal-measures,  which  however  are  not  inverted.  For  this  reason  it 
has  been  thought  that  this  superposition  must  be  explained  by  a  landslip,  bat  not 
every  overthrust  shows  the  inverted,  and  at  the  same  time  the  normal  succession; 
Toumaire,  Note  sur  la  constitution  g^logique  du  d^partement  de  la  Haute-Loire  et 
sur  les  revolutions  dont  ce  pays  a  4t6  le  th^&tre,  BuU.  Soc.  g^ol.  de  Fr.,  1869,  2*  s^., 
XXVI,  p.  1122,  and  Amiot,  Bassin  houiller  de  Langeac,  in  Etudes  des  Gftes  min^ianx, 
Minist^re  des  Travaux  publics,  4to,  Paris,  1881,  p.  313,  atlas  in  folio,  last  plate, 
sections  no.  1  and  no.  10.  The  tectonic  division  of  the  Carboniferous  into  two  aeries 
has  been  emphasized  by  Douville  in  Compt.  Rend,  sur  les  terrains  houillers  des  boids  du 
Rhin,  LXXIV,  1872,  pp.  1323-1325. 

^  T.  Ebray,  NuUite  du  syst^me  de  soul^vement  du  Morvan,  Bull.  Soc.  g^l.  de  Fr., 
1867,  2*  s^r.,  XXIV,  pp.  717-721 ;  Michel  L^vy,  Note  sur  le  terrain  houiller  des  environs 
de  Montreuillon,  le  long  de  la  bordure  occidentale  du  Morvan,  op.  cit.,  1879,  3*  s^., 
VII,  pp.  914-919 ;  in  an  essay  on  the  Alpine  faults,  Ebray  says :  '  C^est  dans  Tanalyse 
des  failles  que  doit  se  trouver  la  th^rie  de  la  formation  des  montagnes,*  op.  cit.,  1867, 
2«  s^r.,  XXIV,  p.  403. 
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that  a  continuous  line  of  dislocation  might  be  followed  from  the  southern 
end  of  the  Vosges  into  the  Central  Plateau. 

About  the  same  time  Foumet  observed  that  the  axis  of  Mont  Saint- 
Yincent,  an  Archaean  range  which  reaches  the  valley  of  the  Sadne  with 
a  north-easterly  direction  west  of  Chalon-sur-Sadne,  may  be  followed 
between  the  Doubs  and  the  Oignon  past  Ddle  into  the  neighbourhood 
of  Belf ort,  and  that  the  disturbances  which  produced  the  mountain  folds  in 
Sadne-et-Loire  probably  made  their  effect  felt  across  the  Serre  near  Ddle 
as  far  as  Qiromagny  in  the  Vosges.  Foumet  speaks  of  a  chains  CSbenno- 
Vosgierme  as  opposed  to  the  Jura  mountains  and  the  Esterel,  and  even  to 
the  Black  Forest  \ 

The  direction  of  this  line  is  south-west  to  north-east.  Between 
Qiromagny  and  Belfort  a  fragment  of  Rothliegende  forms  the  southern 
end  of  the  Vosges.  It  is  accompanied  near  Ronchamps  by  a  small  exposure 
of  Carboniferous,  recalling  the  marginal  fragments  of  the  Morvan,  the  Harz 
and  so  many  other  horsts.  From  this  neighbourhood  a  series  of  faults 
runs  to  the  south-west,  and  causes  a  zone  of  Trias  to  crop  out  for  a  long 
distance  between  the  Jurassic  plateaux.  Further  to  the  south-west  this 
dislocation  or  series  of  dislocations,  which,  as  it  happens,  forms  the 
European  watershed  over  the  whole  of  this  distance,  coincides  with  the 
steeper  south-eastern  border  of  the  granite  boss  of  the  Serre ;  still  further 
to  the  south-west  it  coincides  with  a  group  of  great  disturbances  running 
to  the  south-west,  which  for  a  distance  of  60  kilometers  intersect  obliquely 
the  southern  prolongation  of  the  Morvan  and  strike  across  from  the  valley 
of  the  Sadne  into  that  of  the  Loire.  These  south-westerly  lines  bound  the 
important  pinched-in  Carboniferous  zones  of  Blanzy  and  Creuzot,  which 
are  separated  from  one  another  by  a  trough  subsidence  between  parallel 
south-westerly  fractures ;  in  this  the  Carboniferous  has  been  let  down  more 
than  800  meters,  as  is  shown  by  borings.  These  lines  reach  the  valley 
of  the  Loire  near  Digoin,  and  in  the  same  direction  on  the  other  side  of  the 
valley  another  outcrop  of  workable  Coal-measures  occurs  near  Bert;  this 
is  let  down  with  the  same  south-westerly  strike,  at  right  angles  to  the 
direction  of  the  most  northerly  part  of  the  Forez.  Qrand-Eury,  it  is  true, 
has  shown  that  the  Coal-measures  of  Bert  are  not  of  Carboniferous,  but 
Permian  age,  and  they  are  consequently  not  the  direct  continuation  of  the 
Coal-measures  of  Blanzy  and  Creusot ;  but  the  correspondence  in  position 

^  H.  Coqnand,  M^moire  g^ologique  sur  rexistence  du  temdn  permien  et  du  repr^ 
sentant  du  Gr^s  vosgien  dans  le  d^partement  de  SaOne-et-Loire  et  dans  lea  montagnes 
de  la  Serre  (Jura),  Bull.  Soc.  g^ol.  de  Pr.,  1856,  2«  s^r.,  XIV,  pp.  13-47.  pi.  i,  in 
particular  p.  40 ;  J.  Foumet,  De  Textension  dee  terrains  houillers  sous  les  formations 
secondaires  et  tertiaires  de  diverses  parties  de  la  France,  M^m.  Ac.  Lyon,  1855,  V, 
pp.  239  et  seq,  p.  287 ;  also  by  the  same,  Aper9U8  sur  la  structure  du  Jura  septentrional, 
op.  cit.,  1861,  XI,  p.  70 ;  see  also  Jourdy,  Orographique  du  Jura  Ddlois,  op.  cit.,  1872, 
2«  s^r.,  XXIX,  p.  387  et  passim. 
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is  so  close  that  we  must  regard  them  as  the  ccmtinuation  of  the  Peimiin 
beds  overlying  the  great  Carboniferous  band  on  the  ri^t  bank  of  tbe 
Loire  ^ 

The  length  of  this  dislocation,  from  Bert  to  the  southern  extiemity 
of  the  Vosges,  amounts  to  about  280  kilometers. 

It  is  important  to  note  that  this  line,  which  may  easily  be  followed 
on  the  geological  map,  forms  the  southern  end  of  the  Yosges  and  the 
marginal  fracture  of  the  little  horst  on  the  Serre,  and  then  cuts  right  into 
the  mass  of  the  Central  Plateau.  As  may  be  seen  from  the  brief  aoeount 
given  above  it  is  mainly  of  post-Permian  age,  in  its  north-eastern  purt 
even  post-Jurassic,  but  its  relations  to  the  folded  Carboniferoas  flones 
of  Sadne-et-Loire  show  that  the  existing  dislocation  corresponds  to  the 
original  strike  of  the  chain,  and  that  it  is  a  true  longitudinal  dislocatiaii, 
like  the  great  fracture  of  Saint- A  void  in  the  region  of  the  ^ft&i'- 

£lie  de  Beaiunont  designates  the  southern  continuation  of  the  MorvaD 
the  '  chain  of  the  Tarare.'  Although  it  is  broken  off  on  the  east  by  the 
great  fracture  of  the  Rhone  valley,  yet  it  is  composed  of  rocks  which  strike 
to  the  south-west,  and  contains  zones  of  Palaeozoic  beds,  some  of  than 
bearing  anthracite,  which  follow  the  same  direction^.  The  coalfield  ol 
Saint- £tienne  also  extends  transversely  across  the  chain,  and  its  strike  is 
not  essentially  different. 

It  is  not  necessary  to  cite  further  details.  The  lines  Decize — Sanvigny 
— Montaigu — Mauriac  and  Belfort — Serre — Blanzy — Digoin — Bert,  as  well 
as  the  general  strike  of  the  zones  of  the  Morvan  and  the  Tarare,  show  that 
the  whole  eastern  part  of  the  Central  Plateau,  together  with  the  volcanic 
regions  as  far  down  as  the  Dordogne,  belongs  to  the  Yariscan  arc,  and  that 
the  arcuate  ranges  towards  the  middle  of  the  syntaxis  show  a  tendency 
to  describe  a  more  acute  angle,  that  is  to  say  a  sharper  curve,  and  to  pass 
from  a  south-west  to  a  south-south-west  direction. 

The  manner  in  which  the  Armorican  system  enters  the  Central  Plateau 
is  not  so  clearly  marked^  but  the  position  of  the  mountain  ranges  of  the 
Vend^,  and  their  visible  continuation  below  Poitiers,  leave  little  room  for 
doubt  that  the  smaller  western  part  of  the  Central  Plateau  belongs  to  this 
system. 

If  we  now  piece  together  the  fragments  thus  found,  we  see  that  the 
syntaxis  of  the  Armorican  and  Variscan  ranges  runs  right  across  Franee. 
The  syntaxis  of  the  overfolded  outer  borders  takes  place  between  Dooai 
and  Valenciennes.  Further  to  the  south  these  ranges  must  once  have 
encountered  each  other  a  little  east  of  Paris,  their  inner  branches  joining 

■ 

*  Grand-Enry,  Flore  carbonifere  du  d^partement  de  la  Loire,  4to,  Paris,  1877,  IL 
p.  511. 

'  tiiie  de  Beaumont,  Explication  de  la  Carte  g^ologiqne,  11,  p.  152. 
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at  a  more  acute  angle  much  further  to  the  south,  near  the  head-waters 
of  the  Dordogne. 

The  great  ancient  ranges  have  been  levelled  down,  broken  up,  and  sunk 
in.  It  is  only  with  difficulty  that  we  trace  by  means  of  the  pinched- 
in  ends  of  the  synclinals  the  position  of  the  great  folds  by  which  they 
were  built  up.  But  over  these  fragments  in  the  south-east  of  England  and 
the  north  of  France  the  ancient  folding  force  reawakened  after  the 
collapse,  and  produced  the  posthumous  ranges  of  the  Weald,  the  isle 
of  Wight,  and  the  Pays  de  Bray ;  while  over  the  ancient  mountains  in  the 
«ast  were  formed  the  Cretaceous  synclinals  of  the  Sudetea  In  Central 
Europe  another  phenomenon  occurred.  Here,  too,  more  recent  movements 
of  folding  took  place,  following  the  old  directions.  But  these  did  not  find 
oxpression  above  the  ancient  fragmentary  arcs ;  they  were  dammed  back 
by  the  steep  fractured  margins  of  the  segments  left  in  position  or  less 
deeply  sunk  down.  Thus  the  arcuate  folds  of  the  Jura,  which  deviate  but 
little  from  the  Yariscan  direction,  run  past  the  southern  end  of  the  Vosges, 
where  they  are  checked  by  the  Serre,  and  beyond  the  Serre  lies  Jurassic 
table-land  \  In  the  same  way  the  course  of  the  whole  outer  border  of  the 
Alps  is  predetermined  by  the  position  of  the  forelying  segmenta 

The  map  of  Europe  shows  us  even  more.  ITie  existing  contrast  between 
the  Alps  and  the  Pyrenees  is  the  same  as  that  which  once  existed  between 
the  ArTnorican  and  the  Variscan  mountains. 

Our  knowledge  of  the  relations  of  the  Alps  to  the  'Pyrenees  has  been 
greatly  increased  of  late  years  by  the  efforts  of  French  geologists,  and 
particularly  by  the  investigations  of  Marcel  Bertrand  in  Provence,  which 
have  rectified  many  previous  views:  the  most  important  result  is  the 
proof  obtained  by  Bertrand  that  the  mass  of  Hyferes  (I,  PI.  Ill,  i )  is  not 
a  horst  serving  as  a  buttress  and  comparable  to  the  Central  Plateau,  but 
part  of  an  independent  range  folded  by  a  force  directed  towards  the  north. 

We  will  now  trace  the  course  of  the  outer  folds  from  Geneva  to  the 
Mediterranean  on  the  map  drawn  up  by  Carez  and  V asseur  ^. 

In  the  first  place  it  may  be  observed  that  according  to  Bourgeat's 
observations  the  folds  of  the  Jura  mountains  between  the  valley  of  Ain 
and  lake  Geneva  show  inversion  of  the  beds  seven  times  in  succession, 
possibly  owing  to  the  resistance  offered  by  the  Serre  near  D61e  ^.  Then  as 
the  curve  of  the  Jura  mountains  gradually  flattens  out,  the  folds  assiune 
towards  the  south,  in  the  direction  of  lake  Bourget,  an  almost  due  north 
and  south  strike;  but  from  Chamb^ry  onwards  they  again  turn  to  the 
south-south-west,  i.e.  they  again  advance  towards  the  plain  of  the  Rhone 

*  Jonrdy,  torn,  cit.,  p.  376. 

^  6.  Yaflseur  et  L.  Carez,  Carte  geologique  de  la  France,  Sheets  IX  and  XII. 
'  Bourgeat,  Sur  la  repartition  des  renyersements  de  terrains  dans  la  region  du  Jura 
comprise  entre  Geneve  et  Poligny ;  Compt.  Rend.,  1886,  CII,  pp.  563-565. 
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valley ;  the  cause  of  this  deflexion  lies  in  the  interior  of  the  chain  whoe 
the  mighty  granite  mass  of  the  Pelvoox  juts  out  in  strong  relief.  Hie 
curve  in  which  the  folds  bend  round  this  mass  becomes  oontinnally 
broader;  passing  from  the  south-south-westerly  direction,  they  ran  fint 
from  north  to  south,  then  to  south-east,  until  finally  ridges  appear  south  of 
the  Pelvoux,  which  strike  due  east  to  west,  almost  perpendicular  to  tikd 
main  direction  of  the  Alps,  and  yet  they  correspond  only  to  the  independent 
girdle  of  the  south  side  of  this  mass.  These  transverse  ridges,  which 
include  the  Ventoux  and  the  Montagnes  de  la  Lure,  do  not  again  join  the 
outer  border  of  the  principal  chain  of  the  Alps.  A  long  tongue  of  Miocene 
deposits,  penetrating  the  range  west  of  Digne,  accentuates  still  more 
sharply  the  independence  of  the  Pelvoux ;  beyond  it,  forming  a  new  arc, 
for  the  greater  part  also  convex  to  the  south,  begin  the  outer  folds  of  the 
Maritime  Alps,  which,  closely  crowded  together,  reach  the  sea  near  Nice 
with  a  fresh  deflexion  of  the  strike  to  the  south. 

Thus  we  see  first  the  arc  of  the  Jura  fiatten  out  near  lake  Boniget 
Then  the  girdle  of  the  Pelvoux  advances  independently,  to  terminate 
towards  the  south  in  transverse  chains,  and  we  are  reminded  of  the  fact 
that  the  Pelvoux  represents  the  extremity  of  the  granitic  outer  ffh<M" 
which  proceeds  from  Mont  Blanc.  Finally  the  outer  border  of  the 
Maritime  Alps  appears,  also  accompanied  by  transverse  chains,  which  turn 
first  to  the  south-south-west  and  then  south  to  the  sea. 

This  arrangement  naturally  gives  rise  to  a  fairly  complicated  structure 
in  the  several  chains.  Leenhardt  and  Eolian  have  recently  described  the 
transverse  chain  of  Ventoux-Lure ;  it  is  on  the  whole  an  anticlinal^  cut 
through  for  the  greater  part  by  a  longitudinal  master  fault,  by  which  the 
northern  limb  is  thrown  down  ^. 

The  chain  of  Ventoux-Lure  slopes  away  gently  to  the  south,  and  is 
followed  in  this  direction,  between  the  Durance  and  the  Rhone,  by  a  new 
transverse  chain,  the  L^beron ;  in  the  western  continuation  of  this  lies  the 
chain  of  the  Alpines,  which  terminates  near  Aries. 

The  approximately  east  to  west  strike  is  continued  up  to  the  chain  of 
Sainte-Baume,  east  of  Marseilles ;  which,  as  Bertrand  has  shown,  is  com- 
pletely overfolded  to  the  north  for  a  distance  of  16  kilometers.  Within 
this  chain  however,  that  is,  towards  the  south,  there  follows  another  and 
yet  more  mighty  overthrust,  which  begins  in  the  neighbourhood  of  Saint- 
Cyr,  and  further  to  the  east,  near  Le  Beausset,  north-west  of  Tonlon,  is 

*  F.  Leenhardt,  £tude  g^logique  de  la  region  du  mont  Ventoux,  4to,  Montpellier  et 
Paris,  1883,  273  pp.,  map ;  W.  Kilian,  Note  preUminaire  sur  la  structure  g^logique  de 
la  Montagne  de  Lure,  Bassea-Alpes,  Compt.  Rend.,  1886,  CII,  pp.  1407-1409 ;  and  Note 
g^ologique  sur  la  Chaine  de  Lure,  Feuille  des  Jeunes  Naturalistes,  Paris,  1887,  XVTI, 
pp.  48-55,  section.  The  position  of  this  chain  led  me  to  assign  it  to  the  girdle  of  the 
Pelvoux ;  Kilian  compares  it  with  the  more  southerly  transverse  chains. 
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finally  carried  so  far  that  a  completely  crashed  mass  of  Trias  is  driven  over 
the  upper  Cretaceous,  with  a  horizontal  displacement  of  at  least  6  kilo- 
meters, as  estimated  by  Bertrand  ^.  We  are  now  in  that  independent  folded 
range,  mentioned  above,  to  which  belong,  according  to  all  appearances,  all 
the  heights  from  the  mouth  of  the  Rhone  to  Antibes. 

A  very  complicated  sjnitaxis  thus  occurs  in  the  south-east  of  France ; 
folding  movements  approach  one  another,  directed  on  the  south  border 
of  the  Pelvoux  from  north  to  south,  on  the  south  border  of  the 
Maritime  Alps  likewise  from  north  to  south,  and  further  on,  along  the 
Var,  from  east  to  west,  then  on  the  outer  border  of  the  chain  of  Hyferes 
from  south  to  north  and  on  the  Var  from  west  to  east.  This  gives  rise  to 
a  general  folding  of  the  intervening  land  with  a  very  variable  degree  of 
intensity,  resulting  in  the  formation  of  chains  of  heights,  such  as  the 
Alpines  and  the  L^beron,  in  the  more,  open  parts  of  the  sjnitactic  region, 
and  to  an  ever  closer  crowding  and  crushing  of  the  convergent  folds,  as  the 
border  of  the  Alps  and  that  of  the  chain  of  Hy^res  approach  one  another 
from  Castellane  to  the  Var. 

Bertrand  justly  considers  the  Maures  or  the  chain  of  Hy^res  as  an 
important  and  independent  link  standing  in  the  space  which  at  present 
separates  the  Pyrenees  from  the  chain  of  the  Alps.  It  is  evident  that  the 
Alps  and  the  Pyrenees  do  not  approach  each  other  in  a  simple  V-shaped 
syntaxis.  It  is  clear  also  that  on  the  south  side  of  the  Pelvoux  and  the 
Maritime  Alps  the  folding  force,  which  elsewhere  in  the  Alps  is  always 
directed  to  the  north,  turns  just  as  completely  to  the  south  as  it  does  in  the 
extremity  of  the  Carpathians  in  the  south  of  Transylvania.  Perhaps  we 
may  even  succeed  in  showing  that  the  syntaxis  on  the  lower  Var  is  another 
though  minor  example  of  that  direct  opposition  of  the  tangential  move- 
ments, which  is  displayed  on  so  grand  a  scale  between  the  Himalaya  and 
the  Burmese  chains  on  the  Brahmaputra  (I,  p.  452). 

Thus  several  arcs  crowd  together  in  the  south  of  France.  The  junction 
with  the  Pyrenees  is  not  to  be  seen,  but  the  plan  of  the  mountain  chains 
lies  before  us,  and  we  observe  the  remarkable  likeness  of  the  younger  to 
the  older  mountains. 

From  this  it  results  that  the  prevailing  tangential  movement  to  the 
north,  which  is  characteristic  of  the  Alps  and  Pyrenees,  aflFected  Northern 
Europe,  as  far  as  the  Caledonian  folds  extend,  before  the  Devonian,  and 
the  whole  of  Central  Europe  before  the  Carboniferous.  If  we  consider 
the  ancient  sjnitaxis  in  the  Central  Plateau  of  France  and  its  position 
between  the  Alps  and  the  Pyrenees,  we  are  even  justified  in  speaking  of 

^  M.  Bertrand,  Coupes  de  la  chaine  de  la  Sainte-Beaome,  Provence,  Bull  Soc.  g^ol.  de 
Fr.,  1885,  8^  s^r.,  XIII,  pp.  115-150,  map ;  and  Rdle  des  actions  mecaniques  en  Provence, 
explication  de  Tanomalie  stratigrapliique  du  Beausset,  Compt.  Rend.,  13  Juin  1887, 
CIV,  p.  1735. 
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the  Variacan  Alps  and  the  Armarican  Pyrenees :  understandixig  by  then 
expressions  the  older  pre- Permian  chains. 

In  the  JiordSj  as  we  have  said,  an  older  Europe  stands  diselomi 
(I,  p.  203).  We  are  now  in  a  position  to  trace  its  leading  featnnL 
A  great  folded  system  of  lofty  mountains — proceeding  from  Central  Franee, 
out  of  a  region  indicated  at  its  northern  end  by  Douai  and  ValencieimeB, 
and  at  its  southern  end  by  the  upper  course  of  the  Dordogne — runs  in  an* 
like  curves  to  north-west  and  west-north-west.  This  system  embraces  ihe 
west  and  north  of  France,  the  south  of  England  and  the  narrow  some  in 
South  Wales  and  Ireland.  In  Brittany,  Cornwall,  and  Bantiy  bay,  its 
folds  may  still  be  seen  running  out  towards  the  Ocean,  beneath  which  their 
last  ruins  lie  concealed. 

From  the  same  region  of  syntaxis  other  great  ranges  ran  in  ares  to  the 
north-north-east  and  north-east;  these  comprise  all  that  part  of  the  existing 
continent  comprised  between  the  southern  end  of  the  Black  Forest  to  the 
coalfields  on  the  Ruhr,  the  Harz,  the  Erzgebirge,  and  the  Sudetes. 

The  ancient  chains  collapse  and  new  terrestrial  folds  approach  them 
from  the  south.  The  Pyrenees  and  Alps  follow  the  old  directions,  and 
adapt  themselves  to  the  outlines  of  the  ancient  fragments  still  projecting 
which  check  their  course.  The  Carpathians  however,  restricted  by  no 
fractured  border,  ride  over  the  ancient  mountains. 

Thus  it  happens  that  in  the  syntaxis  of  the  Central  Plateau  of  Franee 
the  chief  tectonic  lines  converge  towards  the  south,  but  in  northern  and 
central  Bohemia,  which  lie  within  the  arc,  towards  the  north ;  so  that  in 
the  former  case  the  characteristic  figure  is  a  V,  in  the  latter  the  same 
inverted  A.  For  the  long  lines  of  fracture  of  the  Silurian  troogh  of 
Bohemia,  with  which  Krejci  has  made  us  acquainted,  and  the  fault  at  the 
foot  of  the  Erzgebirge,  as  well  as  the  line  of  fracture  of  the  Daubrawa  as 
far  as  Elbe-Teinitz  and  the  faults  at  the  foot  of  the  Riesengebirge,  are 
longitudinal  lines  running  approximately  in  the  same  direction  as  the 
fragment  of  arc  which  they  afiect. 

Between  these  arcs,  however,  there  lies,  strange  and  unexplained,  the 
mountain  fragment  of  Bioa,  striking  to  the  north-west  and  folded 
according  to  Giimbel  to  the  north-east,  namely  the  Bavarian  forest  with 
the  south-western  marginal  district  of  Bohemia  and  opposite  to  this  the 
great  gneiss  basin  of  the  Waldviertel  in  lower  Austria^,  with  its  strike 
directed  to  the  south-south-west.  Whether  these  are  the  traces  of  a  still 
older  sjnitaxis,  or  what  otlier  significance  they  possess,  further  investigatioii 
must  decide. 

10.   The  Iberian  Meseta.     In  an  earlier  passage  we  distinguished^  in 

^  F.  Becke,  Die  krystallinischen  Schiefer  des  niederOeterreichitchen  Waldmiteli ; 
SiiKiingsber.  k.  Akad.  Wise.  Wien,  1881,  LXXXIV,  p.  546;  cf.  also  the  eailierobaer?ataoBt 
of  Holger,  Czjzek,  Lipoid,  and  others. 
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aooordance  with  the  views  of  MacPherson,  three  elements  in  the  Iberian 
peninsula,  namely:  the  Meseta,  composed  chiefly  of  ancient  rocks;  the  Betic 
eordillera,  a  folded  chain,  in  the  south;  and  the  Pyrenees,  also  a  folded  chain 
in  the  north-east. 

The  chain  of  folded  mountains  which  forms  the  north  coast  of  western 
Africa  swerves  completely  round  in  Morocco,  from  east  and  west  to  south- 
east and  north-west,  and  finally  to  south  and  north,  and  with  this  northern 
strike  reaches  the  straits  of  Gibraltar.  At  the  BAs  Torf  (cabo  Negro)  and 
near  Ceuta,  mica  schist  and  ancient  clay  slate  crop  out;  further  to  the  west, 
above  T^tuan,  Trilobites  have  been  found;  then  follows  a  zone  of  red 
sandstone ;  west  of  this  the  Mesozoic  limestone  band  of  the  Jebel  Musa  is 
continued  into  the  Bock  of  Gibraltar ;  still  further  to  the  west  is  Flysch, 
which  forms  cape  Spartel.  This  mountain  arc  closes  the  Mediterranean,  turns 
completely  round  in  Spain  to  the  east-north-east,  runs  in  this  direction  up 
to  Alicante,  and  forms  all  that  part  of  the  country  lying  south  of  the  Guadal- 
quivir.   This  is  the  Betic  cordillera^  traversed  by  great  flaws  (I,  p.  227). 

Just  as  the  folding  of  the  Alps  is  checked  by  the  fractured  borders  of 
the  opposing  horsts,  so  the  Betic  folding  is  arrested  along  the  Guadalquivir, 
and  dammed  back  by  the  southern  border  of  the  Meseta ;  this  has  been 
shown  in  a  convincing  manner  by  MacPherson  ^. 

Near  Villa  do  Bispo  on  the  Atlantic  coast,  a  little  to  the  north  of  cape 
St.  Vincent,  the  southern  edge  of  the  Meseta  is  visible ;  Mesozoic  beds 
accompany  it  in  the  south.  It  runs  fairly  parallel  to  the  coast  through 
Algarve  to  the  mouth  of  the  Guadiana,  accompanied  so  far  by  the 
Mesozoic  zone;  thence  it  stretches  almost  in  a  straight  line  to  the  east- 
north-east  a  long  way  into  the  interior,  forming  the  northern  slopes  of  the 
valley  of  the  Guadalquivir  and  at  the  same  time  the  southern  slope  of  the 
sierra  Morena  further  to  the  east  (I,,  p.  294).  The  way  in  which  the  margin 
cuts  across  the  strike  of  the  ancient  rocks  of  the  Meseta  along  the  Guadal- 
quivir led  MacPherson  to  recognize  in  it  a  mighty  fracture;  this  is  the 
fault  of  the  Guadalquivir. 

Calderon's  instructive  representation  of  the  structure  of  the  Meseta 
and  Botella's  geological  map  show  the  polyhedral  outline  and  peculiar 
configuration  of  this  great  horst  \ 

^  J.  MacPherson,  Breve  noticia  acerca  la  especial  estructura  de  la  Peninsula  Ib^rica, 
An.  Soc.  Espan.  Hist.  Nat.,  1879,  YIII,  pp.  5-26 ;  and  Uniclinal  Structure  of  the  Iberian 
Peninsula,  8vo,  Madrid,  1880.  For  the  transverse  fracture  in  the  direction  of  the  strike 
on  the  south  border  of  the  Meseta  see  in  particular  his  little  map  in  the  Estudio 
geoldgico  7  petrogrdfico  del  Norte  de  la  Provincia  de  Sevilla,  Bol.  Com.  Map.  Geol. 
EepaJa.,  1879,  V,  sheet  G ;  for  the  Betic  flaws,  C.  Barrois  et  A.  Offret,  Sur  la  constitution 
fliratigraphique  dela  chalne  B^tique,  Compt.  Rend.,  1886,  CII,  p.  1341. 

'  S.  Calderon  y  Arana,  Ensayo  orog^nico  sobre  la  meseta  central  de  Espana,  An.  Soc. 
Espan.  Hist.  Nat,  1885,  XIV,  pp.  131-172 ;  F.  de  Botella  y  de  Homos,  Mapa  geoldgico 
de  Espima  y  Portugal,  1 :  2,000,000,  fol.,  Madrid,  1879. 
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The  fault  of  the  Guadalquivir  runs  down  as  we  have  seen  from  the 
oast-north-east,  passes  close  to  the  mouth  of  the  Quadiana,  and  is  oontiniied 
through  Algarve  into  the  vicinity  of  cape  St.  Vincent.  The  Culm,  whidk 
forms  the  south-western  part  of  the  Meseta  in  southern  Portogal,  dips 
towards  the  Atlantic  Ocean  beneath  recent  Tertiary  beds,  as  may  be 
seen  on  the  map  by  Ribeiro  and  Delgado,  but  along  the  coast  itself  it  agiin 
crops  out  from  under  these  beds.  It  is  only  further  to  the  north,  from 
central  Alemtejo  onwards,  that  the  western  outlines  of  the  Meseta  axe  men 
clearly  defined.  Its  rocks,  striking  to  the  north-west,  advance  in  sharply 
outlined  ridges,  which  run  in  rias  lines,  as  it  were,  into  the  Portagufise 
plain ;  as  examples,  we  may  mention  in  particular  the  granite  ranges  of 
Evora.  Near  Tancos  on  the  Tagus  the  boundary  again  becomes  rectilinear 
and  sharply  marked ;  it  runs  thence  to  the  north-north-west,  a  little  to  the 
east  of  Thomar  and  Coimbra,  and  reaches  the  sea  not  far  south  of  Oporto  K 

From  this  place  onwards  the  rocks  of  the  Meseta  form  all  the  inm- 
bound  coast  of  the  north-west  far  across  to  the  Asturias,  where  the 
Cretaceous  mountains  of  Oviedo,  and  then  of  Santander  and  Bilbao,  join 
the  Pyrenees  with  an  east  to  west  strike.  The  north-eastern  edge  of  the 
Meseta,  however,  is  bordered  by  a  broad  zone  of  downthrown  Mesosoic 
patches  which  extend  from  Cuen9a  to  the  gulf  of  Valencia  and  cabo  de 
la  Nao. 

The  structural  peculiarities  of  this  great  horst  are  especially  apparent 
in  the  north-west.  Fortunately  there  is  a  series  of  excellent  treatises  on 
this  region ;  we  will  only  mention  those  of  Wilhelm  Schulz  and  Charles 
Barrois.  Barrois  in  particular  has  described  in  a  masterly  manner  the 
chief  structural  features  of  Galicia  and  Asturias,  and  the  remarks  which 
follow  are  borrowed  from  his  monograph**. 

The  most  ancient  rocks  crop  out  in  Galicia;  these  are  mica  schists, 
green  schists  ami  serpentine,  as  well  as  gneiss  and  intrusive  granite.  They 
strike  almost  north  to  south,  but  with  a  gentle  curve  to  the  west ;  in  the 
north  of  Galicia  the  IhhIs  dip  to  the  north-west,  in  the  centre  to  the  west, 
and  in  the  south  to  the  south-west  The  dip  of  the  beds  is  thus  directed 
IfeiUMth  thi*  (iiY  ami  tounrils  the  exterior  so  to  speak.  On  the  boundary  of 
Asturias,  Cambrian  deposits  begin,  broken  through  in  places  by  granite 
Utsses,  which  play  a  passive  part  in  the  movements  of  the  mountains. 

*  C.  RiUnro  o  J.  K.  Nery  IK4^ao,  Carta  geologica  de  Poziogal,  1 ':  500,000,  foL, 
LitbiMU  1876.  Tho  small  granito  maMes  near  Cintra  do  not  belong  to  the  Meaeta,  bat, 
acoordinK  to  ChotTat,  an«  of  )>o«t -Cenomanian  age :  P.  Choflfat  Age  du  gianit  de  Gbitim, 
Jorn.  Sol  Math.  Ao.  R  UsK.  18S4,  XXXIX. 

*  G.  Schult,  IVscriivion  g^^Kigioa  do  la  protincia  del  Oriedo,  Asturias,  4to,  Madrid, 
18«V^.  and  atlas :  0.  lUirroi»,  K«H*hon'hes  sur  lo«  torrains  anciens  des  Astnries  et  de  la 
Galioi<^  Mom.  Soo.  ^oL  Noni.  II.  li1U\  K'v'^J.  630  pp.  and  plate.  Among  earlier  woiks 
must  Im^  c'sptHMallT  m«ntiomHl  A.  Plullotte.  Keoherches  sur  qnelqnes-ones  des  roches  qui 
con»tituont  la  prorince  des  Astnrios.  Bull.  Soo.  gvol.  de  Fr.,  1846.  2*  s^r.,  II,  pp.  489-482. 
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Hie  dip  of  tiie  Cambrian  beds  ia  precisely  the  same  as  that  of  the  older 
rocks  of  Qalicia,  that  is  beneath  the  outer  arc,  and  the  Archaean  rocks  are 
eonseqaently  driven  over  the  Cambrian.  Within  the  Cambrian,  however, 
there  follow  conformably,  with  the  same  dip,  a  Silurian,  a  Devonian,  and 
finally  a  Carboniferous  arc,  always  with  inverted  bedding  and  increasing 
ixmstiiction  of  the  arc,  ao  that  on  the  Rio  de  Pervia  the  nortfaem  branch  of 
the  Devonian  arc  reaches  the  sea  with  a  north-easterly  strike,  and  the 
Carboniferous  is  compressed  into  an  ellipse  striking  from  west  to  east. 
The  mighty  carve  of  a  great  range  is  thus  visible,  and  within  the  curve 
imbricated  stmcture.  Towards  the  west,  in  Qalicia,  the  most  ancient  rocks 
form  the  outer  arc  ;  towards  the  east,  in  Asturias,  the  Carboniferous  beds. 


Fia.  li.      T^e  Bonn  (tfAsturiiu,  after  Schuli  iDil  Botells. 

On  the  left  the  Archasan  region  (granite,  gnaiai,  and  ancient  tohiital ;  next  to  the  rtghl, 
Cunbrian  and  Silurian  zone  cA.  itl.,  with  msBaea  of  granite  7 ;  then  the  Devonian  zone  d,  and 
the  infolded  Carboniferous  limestone  and  Culm  ta,  and  the  Coal-meamres  c,  which  are  partly 
folded  )nt«  the  baain,  and  partly  overlap  it  transgreesively;  m  transgresaiTe  Heaotoie  patehei  ; 
«IhtF.  alluvial  plain  of  Leon. 

which  are  the  youngest,  lie  in  the  middle  of  the  arc,  now  much  narrowed 
by  tiie  approximation  of  its  branchea.  There  is  a  general  overthruating 
towards  the  interior.  The  northern  branches  strike  out  towards  the  bay 
of  Biscay ;  the  Archaean  rocks  are  directed  north  to  north-north-east,  the 
Cambrian  and  Silurian,  north-north-east,  and  the  Devonian,  north-east. 

This  great  concave  curve  embraces  the  whole  series  of  the  older  rocks, 
including  the  middle  part  of  the  Coal-measures.  It  is  a  remarkable 
cireiunstance,  however,  that  outside  these  concentric  basins  the  highest 
divisions  of  the  Coal-measures  occur  in  transgression.     These  tranagreesive 
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beds,  it  is  true,  have  also  been  folded  subsequently,  and  in  the  same 
direction ;  Barrois  recognizes  '  the  fact  of  the  recurrence  of  the  Hume  miofo- 
ments  at  different  epochs  ^/ 

In  the  province  of  Oviedo  there  now  follows  unoonfoitnahly  the  whok 
Mesozoic  series,  together  with  the  Nummulitic  limestone,  strikiiig  to  tlie 
east  and  folded  to  the  north ;  it  is  regarded  as  the  western  part  of  the 
Pyrenees  and  does  not  concern  us  here. 

It  is  the  outer  part  of  the  basin  of  Asturias,  and  in  paiticalar  the 
mountains  of  Galicia,  which  run  down  to  the  south-south-east  and  south- 
east into  the  great  Meseta.  A  large  number  of  separate  works  by  the 
Qeological  Survey  of  Spain,  now  making  such  admirable  progress,  show 
us  the  further  course  of  the  rocks  in  the  same  direction.  In  places,  it  is 
true,  patches  of  Cenomanian  rest  on  the  ancient  mass,  as  in  Bohemia,  while 
the  central  and  eastern  part  of  the  Meseta  are  covered  far  and  wide  by 
Tertiary  fresh- water  beds.  Notwithstanding  this  we  observe  the  following 
facts.  The  ranges  running  down  from  Galicia  through  Tras-os-Montes  and 
Beira  Alta  are  formed  of  ancient  folded  systems  accompanied  by  great 
exposures  of  granite.  The  direction  is  south-south-east  to  south-east.  To 
the  south  of  Salamanca  a  mighty  branch  is  given  off  in  virgation  to  the  east 
and  east-north-east.  It  consists  chiefly  of  granite  and  gneiss,  and  forms  the 
sierra  de  Credos  and  sierra  de  Guadarrama.  The  other  ranges,  howev^, 
continue  their  course  to  the  south-east,  and  form  a  number  of  almost 
parallel  folded  ranges  of  great  length,  closely  packed  and  in  many  cases 
slightly  convex  to  the  south-west.  They  consist  of  Archaean  and 
Palaeozoic  rocks,  including  a  part  of  the  Carboniferous,  as  in  Asturiaa 
The  course  of  this  arc  may  be  best  indicated  by  a  line  drawn  bom  Oporto 
to  the  south-east  past  Alcantara,  then  a  little  west  of  C&ceres,  past  Don 
Benito,  then,  with  a  slight  bend,  through  Pozzoblanco  to  the  sierra  Morena. 
This,  line  is  especially  characterized  by  long  granite  ridges.  Thus  with 
a  strike  directed  in  general  to  the  south-east,  the  folded  ranges  of  the 
Meseta  reach  the  Guadalquivir,  where  they  are  broken  off  transversely,  as 
we  have  already  seen. 

The  bands  of  granite  in  this  intensely  folded  mountain  system  were 
for  the  most  part  intruded,  according  to  MacPherson,  during  the  Carboni- 
ferous period.  Here  also  the  upper  beds  of  the  Carboniferous  lie  unoon- 
formably  on  the  folded  region,  as  in  Asturias,  and  the  general  stractore  of 
these  mountains  thus  dates,  like  that  of  the  Armorican  and  Variseaa 
systems,  from  the  last  days  of  the  Carboniferous  period. 

These  folded  ranges  striking  to  the  south-east  are  now  continued  into 
the  south  of  Portugal  and  form  the  whole  south-west  of  the  Meseta.  They 
are  the  same  ranges  which  have  already  been  described  as  advancing  with 
a  north-west  trend  into  the  Portuguese  plain  in  Alemtejo,  like  the  granite 

^  Barrois,  Mem.  Soc.  geol.  Nord,  1882,  op.  cit.,  p.  604. 
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of  Evora.  Further  south,  the  strike  turns  somewhat  more  to  the  west- 
north-west,  and  in  the  south  of  Alemtejo,  between  Beja  and  Mertola,  where, 
according  to  Delgado,  the  prevailing  dip  is  to  the  north-east,  imbricated 
structiure  would  seem  to  occiur. 

.  In  the  Spanish  province  of  Huelva  lie  the  famous  mines  of  Rio  Tinto ; 
the  strike  is  N.  70°  W.,  and  thence,  according  to  Delgado,  the  copper  pyrites 
may  be  followed  for  a  distance  of  145  kilometers,  to  Aljustrel  in  Portugal, 
the  strike  gradually  turning  to  N.  50°  W.  If,  however,  we  include  the 
pyrites  of  Caveira  near  Grandola,  then  the  length  of  the  band  would 
amount  to  183  kilometers  ^. 

These  great  arcs  of  the  south-western  Meseta  appear  in  fact  to  have 
been  folded  towards  the  south-west,  and  MaePherson's  assertion  therefore 
applies  to  them,  i.e.  that  a  considerable  part  of  the  mountain  ranges  of  the 
Iberian  peninsula  has  not  been  thrust  to  the  north  like  the  Alps,  but  to  the 
south  like  the  folded  ranges  of  North  Africa. 

We  now  find  ourselves  confronted  by  a  number  of  the  most  difficult 
questions. 

Let  us  first  consider  the  relation  of  these  arcs  to  the  Betic  Cordillera. 

The  older  folds  reach  the  fault  of  the  Guadalquivir  with  a  south-easterly 
strike;  the  Betic  folds  strike  to  the  east-north-east,  or  almost  at  right 
angles  to  them.  In  precisely  the  same  way,  with  a  transverse  strike,  the 
Carpathians  approach  the  Sudetes.  Here,  on  the  Guadalquivir,  however,  it 
is  quite  clear  that  it  is  not  the  direction  of  the  older  folds,  but  that  of  the 
fractured  border,  which  determines  the  course  of  the  succeeding  younger 
folds.  Beyrich  arrived  at  the  same  result  many  years  ago  in  the  case  of 
the  Sudetes. 

Let  us  now  glance  at  the  position  of  the  Asturian  basins.  These  basins 
with  imbricated  structure,  which  dip  beneath  the  outer  arcs,  indicate  in  any 
case  the  deflexion  of  a  folded  range.  It  is  the  outer  arcs  of  the  southern 
flank  which  we  have  followed  from  Oporto  up  to  the  Guadalquivir,  and 
through  Alemtejo  into  the  neighbourhood  of  cape  St.  Vincent.  In  just 
the  same  way  the  younger  folded  chain,  after  crossing  from  Africa,  bends 
round  in  Gibraltar  to  form  the  Betic  cordillera,  and  if  we  could  make 
a  horizontal  section,  some  thousands  of  feet  below  the  western  end  of  the 
Mediterranean,  we  should  probably  find  an  arrangement  of  the  rocks 
similar  to  that  in  the  Asturian  basins.  Between  Ceuta  and  Tangier  the 
beds  run  from  south  to  north,  at  right  angles  to  the  straits  of  Gibraltar, 
exactly  like  the  rocks  in  western  Galicia,  save  that  here  there  is  more  of 
the  outer  and  less  of  the  inner  arc  to  be  seen,  while  in  the  north  only  the 
inner  arcs  are  visible. 

Since  we  know  that  the  mountains  of  North  Africa  are  only  the  last 

^  J.  F.  N.  Delgado,  Sobre  a  existencia  do  terreno  Siluriano  no  Baixo  Alemtejo ;  Mem. 
Ac.  Sci.  Liflb.,  1876,  p.  12,  note. 
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of  the  numerous  arcs  which  mark  the  southern  boundary  of  Eurasia,  and 
that  it  is  these  boundary  arcs  which  retain  in  Europe  the  carvatare  and 
folding  to  the  south  characteristic  of  Asia,  we  obtain  the  f oUowixig  result:— 
Tlve  bending  round  of  the  we^em/mod  'mountain  range  of  EwmOi 
where  the  folding  movements  pass  from  a  northerly  to  a  southerly  direction, 
takes  pUice  at  present  near  Gibraltar  ;  hut  totvards  the  close  of  the  Carboni" 
ferous  period  another  great  mountain  system  had  pretnoudy  arisen^  in 
which  the  change  in  direction  of  the  folding  mxrvement  from  "north  to  aovtl 
manifested  itself  in  the  place  now  occupied  by  the  Asturian  bcieins^  it 
c^jout  eight  degrees  of  latitude  north  of  the  existing  circumflexure. 

This  ancient  chain  was  subsequently  worn  down  and  broken  up,  and  the 
new  arc  was  arrested  on  the  Guadalquivir  by  the  fractured  border.  The 
reconstruction  of  the  continent  on  the  old  plan  is  much  more  deaily 
manifest  here  than  in  Central  Europe.  The  Pjnrenees  appear  to  have 
followed  the  Armorican  arc,  and  the  Alps  the  Variscan,  simply  as  a  result 
of  the  persistence  of  the  southern  thrust  acting  within  the  space  included 
by  the  residual  fragments,  but  this  is  not  all,  and  indeed  an  entirely  new 
problem  now  presents  itself.  For  we  have  here  not  simply  an  ancient 
mountain  range  followed  by  a  new  one,  folded  in  the  same  direction,  but 
an  ancient  circumflexure  followed  by  a  new  circumflexure.  The  r^on  of 
recurvature  has  been  displaced  southwards  and  we  do  not  find,  as  between 
the  Black  Forest  and  the  Jura,  folds  driven  to  the  north-north-west^ 
following  other  folds  driven  in  precisely  the  same  direction,  but  along  tbe 
fault  of  the  Guadalquivir,  the  Meseta  is  formed  by  that  branch-  of  the 
ancient  mountains  which  is  folded  to  the  south-west,  while  opposite  to  it 
lies  the  branch  of  the  Betic  cordillera,  folded  to  the  north-north-westb 

The  question  at  once  suggests  itself  whether  the  ancient  Iberian  range 
is  not  a  fragment  of  the  Armorican  arc.  In  age  they  correspond ;  the  rocks 
of  Asturias  resemble  those  of  Cornwall  and  Brittany,  and  both  the  folded 
regions  are  certainly  continued  far  beneath  the  sea;  but  whether  they 
meet  or  unite,  and  if  so  in  what  manner,  it  is  impassible  to  determine. 

In  the  Meseta  it  is  again  the  upper  divisions  of  the  Carboniferous 
which  correspond  with  the  period  of  greatest  tectonic  movement.  In  the 
last  century,  when  Werner  drew  for  the  first  time  the  limit  between  the 
transition  formations'  (Uebergangsgebirge)  and  the  'horizontal  forma- 
tions' (Flotzgebirge)  he  had  no  other  line  of  demarcation  in  mind  than  that 
afibrded  by  the  great  discordance  within  the  Carboniferous  formation  in 
Saxony.  It  is  with  the  same  meaning  that  the  term  'Flotzgebirge' 
appears  again  on  Lossen's  map  of  the  Harz.  Everywhere  we  find  this 
limit.  The  Coal-measures  of  Ostrau,  which  form  part  of  the  Sudetes,  stand 
in  the  same  relation  to  those  of  Rossitz  in  Moravia,  as  those  of  Sama  to  the 
transgressive  Coal-measures  of  Tineo  in  Asturias,  and  in  Nova  Scotia  we 
meet  with  the  same  limit  on  the  other  side  of  the  Ocean. 
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11.  Su/rvey  of  the  pre-Permian  ranged  in  Europe.  The  original  con- 
tinuity  of  the  Armorican  horsts,  or  at  least  of  some  of  them,  was,  as  we  have 
seen,  rightly  recognized  by  English  and  French  geologists  many  years  ago. 
A  perception  of  the  continuity  of  a  great  part  of  the  Variscan  horsts  also 
is  evident  enough  in  Lossen's  instructive  work  on  the  nature  of  the 
mountain  cores  which  lie  between  the  Ardennes  and  the  Altvater.  This 
treatise  also  shows  us  how  impossible  it  must  have  been  in  the  time  of 
L.  von  Buch — ^when  observation  was  not  yet  sufficiently  advanced  to 
distinguish  lines  of  fault  from  the  strike  of  the  folds — to  form  any  con- 
ception of  the  structure  of  the  land  which  would  correspond  to  the  existing 
state  of  our  knowledge.  A  large  part  of  the  Armorican  horsts  have  been 
grouped  together  by  Penck  also  under  the  name  of  the '  Central  German 
Alps,'  with  recognition  at  the  same  time  of  their  Carboniferous  age  \ 

The  Variscan  chain  makes  its  appearance  first  on  the  northern  border 
of  the  Carpathians  and  strikes  to  the  north-east  and  north-north-east  in 
Moravia,  as  though  it  had  here  experienced  a  deflexion  similar  to  that  of 
ihe  end  of  the  Carpathians,  and  as  though  some  trace  of  the  tectonic 
relations  of  the  Iberian  mountains  were  about  to  recur.  Then  the  range, 
as  it  forms  the  Sudetic  arc,  turns  forward  to  the  north,  north-north-west, 
and  finally  north-west,  and  so  passes  to  the  Elbe. 

Next  follow  with  a  north-east  to  east-north-east  trend  the  mountains 
of  Saxony,  namely  the  Erzgebirge  and  Fichtelgebirge,  the  Saxon  folds  up 
to  Leipzig  and  those  folded  fragments  which  are  preserved  in  the  Thiiringer- 
wald  and  Frankenwald.  These  all  belong  to  the  inner  Variscan  zones. 
Their  continuation  forms  the  Black  Forest,  the  Vosges,  and  the  exposures 
of  older  formations  in  the  Odenwald  and  Spessart ;  the  strike  of  the  folds 
is  directed  to  the  north-east,  and  they  proceed  to  the  south-west,  past  Ddle 
to  the  Central  Plateau  of  France.  Meanwhile  the  strike  gradually  passes 
over  from  north-east  and  south-west  to  north-north-east  and  south-south- 
west, as  is  clearly  shown  by  the  patches  of  Coal-measures  which  occur 
pinched  into  the  gneiss  as  far  as  the  upper  Allier.  The  outer  zones  of  the 
arc  are  visible,  apart  from  the  Sudetes,  in  the  Harz  and  in  the  Devonian 
monTifAJTift  of  the  Rhine,  from  the  Taunus  up  to  the  Coal-measures  in  the 
north.  The  overthrust  outer  border  is  only  to  be  seen  between  Valenciennes 
and  the  neighbourhood  of  Aix-la-Chapelle  and  in  a  part  of  the  coalfields  on 
the  Ruhr. 

The  Armorican  range  rises  in  the  western  part  of  the  Central  Plateau ; 
in  the  Vend^,  Brittany,  and  the  Cotentin,  it  trends  first  west-north-west  and 

^  K.  A  Lossen,  Uieber  das  Aufbreten  metamorphischer  Gesteine  in  den  alien 
Ultoioiachen  Gebirgskemen  von  den  Ardennen  bis  zum  Altvatergebirge,  und  fiber  den 
ZMunmenhang  dieses  Auftretens  mit  der  Faltenverbiegung  (Torsion),  Jahrb.  k.  preuss. 
|ioL  Landesanst,  1884,  pp.  56-112  (on  torsion  cf.  here  note  2  on  p.  101) ;  A  Penck,  in 
Underkonde  des  Erdtheils  Europa,  published  by  A  Eirchhoff,  1886, 1,  p.  813. 
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then,  as  it  proceeds  towards  the  Ocean,  more  and  more  to  the  west  Thi 
outer  zones  are  visible  in  the  Devonian  reef  near  Boulogne,  in  ComwaD 
and  Devon,  and  in  the  southernmost  parts  of  Wales  and  Ireland.  The  over 
thrust  outer  border  may  be  traced  in  a  west-north-west  direction  from 
Douai  to  Calais.  The  posthumous  folds  of  the  Weald  indicate  the  con- 
tinuation of  the  range.  The  overthrust  outer  border  is  next  again  seen  ob 
the  north  side  of  the  Mendips;  it  strikes  across  the  Bristol  channel  towards 
St.  Bride's  bay  in  the  south-west  of  Wales,  and  thence  through  the  soott 
of  Ireland.  The  trend  turns,  towards  the  Atlantic  Ocean,  from  west-nortlh 
west  to  we^t,  and  finally,  near  the  sea,  almost  to  west-south-west. 

The  Iljerian  fragment  is  thrown  into  folds  which  trend  in  a  gentle  caan 

from  Galicia  and  the  north  of  Portugal  to  the  south-south-east  and  sootii- 

east,  and  with  frequent  overf olding  to  the  south-west,  but  they  are  abropUy 

cut  off  along  the  Guadalquivir,  opposite  the  Betic  cordillera.     They  gi« 

off  a  branch  which  forms  the  sierra  de  Guadarrama,  but  in  Asturias  their 

inner  parts  liend  round  so  completely  that  a  peculiar  basin-like  structme  is 

produced,  with  the  older  members  situated  on  the  exterior  of  the  basin,  but 

thrust  over  the  younger  members  of  its  interior  in  great  flakes.    Thm 

the   Iberian  fragment  reaches  the  sea,  striking  in  Galicia  to  the  nwih 

and  north-north-east  and  in  Asturias  to  the  north-north-east,  north-east,  and 

finally  east-north-east.  Its  connexion  with  the  Armorican  range  is  not  knows. 

It  thus  appears  that  towards  the  close  of  the  Carboniferous  period  great 

mountain  ranges  arose  in  Central  Europe,  which  were  folded  towards  the 

north,  like  the  existing  Alps.     They  then  collapsed  and  their  fractnred 

borders  resisted  the  development  of  the  new  folds,  which  now  form  the 

Betic    cordillera,  the   Pyrenees,  the    Alps,  and    the    Carpathians.    Thit 

fragment  which  still  exhibits  the  ancient  syntaxis,  the  Central    Platean 

of  France,  now  separates  the  arcs  of  the  Alps  from  the  Pyrenees.    The 

basin  structure  of  Asturias  is  repeated  in  the  curvature  of  the  chain  near 

Gibraltar. 

In  this  way  Central  and  Western  Europe  were  reconstructed  for  Hu 
second  ti/me. 

12.  European  islands.  The  significance  of  the  islands  of  the  Atlantie 
and  of  the  archipelagos  of  Europe  is  apparent  from  the  facts  which  have 
already  been  described. 

The  Orkneys  and  the  Shettand  islands  are  parts  of  the  pre-Devonian 
Caledonian  range  which  strikes  towards  Norway. 

The  inner  Hebrides  represent  in  part  comparatively  recent  volcanoa: 
the  outer  Hebrides  together  with  the  adjacent  coast  of  Scotland  correspcod 
in  position  and  structure  with  the  Lofoten  islands  and  the  east  coast  of  the 
Vest  fjord. 

Waigatsch  and  Nova  Zembla  are  fragments  of  an  independent  folded 
range  which  is  sjnitactic  with  the  northern  Ural  at  Eonstantinov-EIameD. 
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r,  Spitzbergen  together  with  the  neighbouring  islands  up  to  Franz-Josef 
Land  and  Bear  island  are  relics  of  a  plateau  with  Devonian  beds  lying 
horizontally,  as  in  Scotland. 

Jan  Mayen  is  of  recent  volcanic  origin. 

The  Faeroes  are  remnants  of  ancient  volcanic  flows  with  intercalations 
of  Tertiary  plant-bearing  beds. 

The  great  island  of  Icdandy  finally,  presents  an  older  volcanic  sub- 
fitructure  similar  to  that  of  the  Faeroes,  on  which  recent  volcanos  are 
"  superposed.  The  substructure  contains  plant-bearing  beds,  and  is  of 
middle  Tertiary  age.  This  part  corresponds  to  the  similar  series  of  the 
Faeroes  and  Greenland.  The  subsequent  eruptive  formations,  however, 
belong  to  different  periods,  as  is  indicated  by  the  distribution  of  the  glacial 
markings  and  an  intervening  inundation  of  the  island.  The  volcanic 
(GMstivity  must  have  persisted  from  the  middle  Tertiary  period  down  to  the 
present  day. 

Many  investigators  have  visited  Iceland  since  Eggert  Olafssen  and 
Bjame  Povelsen  made  their  observations  on  the  natural  history  of  the 
island,  between  the  years  1752  and  1757  ^.  But,  not  to  speak  of  the  great 
difficulties  due  to  climate,  the  impracticability  of  the  country,  and  its  extent, 
these  passing  visits  were  the  less  likely  to  lead  to  a  clear  insight  into  the 
structure  of  the  island  since  the  investigators  as  a  rule  concentrated  their 
attention  on  general  questions  concerning  the  nature  of  the  volcanic 
phenomena.  But  now,  since  an  Icelander,  Thoroddsen  of  Reykjavik,  has 
devoted  himself  to  the  geology  of  his  country  and,  with  as  much  per- 
severance as  ability,  is  tracing  out,  year  after  year,  the  fundamental 
features  of  its  structure,  the  facts  are  beginning  to  appear  with  ever- 
increasing  clearness.  At  the  same  time  it  becomes  more  and  more  apparent 
that  the  ancient  volcanic  substructure  is  traversed  like  Scania  and  Spitz- 
bergen by  fractures  which  cut  it  up  into  horsts  and  troughs,  and  that  with 
these  fractures  the  more  recent  manifestations  of  volcanic  activity  are 
connected.  Permission  has  been  kindly  granted  me  to  borrow  from 
Thoroddsen's  as  yet  unpublished  observations  the  following  information: — 
Not  only  is  Snaefeirs  Sysla,  the  great  peninsula  half-way  down  the  west 
coast,  a  true  horst  bounded  on  the  north  and  south  by  lines  of  fracture, 
and  not  only  is  Faxa  Fjordr  on  the  south  side,  together  with  the  depression 
which  continues  it  into  the  interior,  an  area  of  subsidence — facts  which  have 
been  already  mentioned  by  Keilhack  ^ — but  Breidi  Fjordr  in  the  north  of 

^  Eggert  Olafsden  og  Bjame  Povelsen,  Beise  igjennem  Island,  1752-1757,  2  vols.,  4to, 
SorO,  1772  (translated  into  English,  2  vols.,  1800-1805). 

2  K.  Keilhack,  Beitr&ge  zur  Geologie  der  Insel  Island,  Zeitschr.  deutsch.  geol.  Ges., 
1886,  XXXVIII,  pp.*  376-449 ;  on  p.  392  there  is  a  transverse  section  of  the  fault  trough 
on  the  south  side  of  the  Skard-sheidi,  i.  e.  on  the  south  side  of  the  great  horst  of  SnaefelL 
The  communications  of  Herr  T.  Thoroddsen,  of  Reykjavik,  I  owe  to  the  intervention  of 
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the  peninsula,  as  well  as  Htina  F16i  on  the  north  coast  of  Iceland  tpgediBr 
with  Steingrines  Fjordr,  also  owe  their  origin  to  sabsidenoes,  whidi  hm 
evidently  had  the  most  pronounced  effect  in  determining  the  oontoor  of  tli 
table-land.  The  southern  range  of  Reykjanes  is  also  a  horst,  on  both  ndtt 
of  which  movements  appear  to  have  occurred  in  quite  recent  Ham. 
Nowhere  in  the  south  of  Iceland  do  earthquakes  occur  so  frequently  as  oi 
the  south  side  of  this  peninsula. 

Without  anticipating  further  the  publication  of  Herr  Thoroddaen's  lamlti^ 
it  may  be  pointed  out  that  the  discovery  of  these  plateau  fractures,  and  the 
breaking  up  of  the  island  into  horsts,  steps,  and  troughs,  while  of  gieit 
local  interest,  suggests  questions  of  a  more  general  kind.  In  the  first  plitt 
we  see  in  the  progress  of  these  subsidences  the  continuation  of  the  pio> 
cesses  which  have  formed  the  surrounding  part  of  the  Ocean.  Farther  it 
must  be  borne  in  mind,  that  all  the  middle  Tertiary  rocks  of  the  sab- 
structure  contain  no  organic  remains  except  land  plants,  and  have  certainly 
been  formed  above  the  sea.  A  little  patch  of  marine  deposits  found  near 
Halbjarwarstadir,  north  of  Husavik  on  the  north-east  coasts  is  placed  hj 
Morch  on  the  horizon  of  the  EInglish  Crag  ^ :  in  addition,  glacial  or  post- 
glacial shell  beds  which  attain  a  height  of  about  200  feet  are  met  with  in 
many  places.  The  island  was,  therefore,  partially  inundated  at  a  later 
time.  Thus  in  Iceland  the  question  is  very  definitely  suggested  whrther 
the  movements  of  the  solid  land  are  sufficient  to  explain  the  displacementB 
of  the  coast  line  or  whether  we  must  invoke  independent  changes  in  the 
level  of  the  sea. 

13.  Wedem  Africa.  The  scant  observations  hitherto  made  on  the 
north-west  coast  of  Africa  leave  us  free  to  suppose  that  Tertiary  deposits 
such  as  we  have  studied  on  the  west  coast  of  Spain  may  exist  here  aim 
From  lat.  29**  SC  to  28^"  N.  Duro  found  the  coast  formed  entirely  of  beds  of 
light-coloured  sandstone,  undermined  by  the  sea.  Similar  beds  exist  in  the 
Wady  Draa.  Scaling  the  clifis  along  the  coasts  we  see  before  us  aa 
illimitable  plain  ^.  The  conclusion  that  the  middle  Tertiary  sea  covered 
the  western  Sahara  seems  irresistible  and  the  observations  of  Lenz  on  hifl 
journey  to  Timbuctoo  accord  well  with  such  a  view. 

The  adjacent  islands  are  volcanic  and  some  of  them  bear  still  active 
cratera  An  independent  series  underlies  them.  L.  von  Buch  distin^^oishes 
in  the  Canary  islands  a  foundation  of  older  volcanic  rocks  on  which  the 
more  recent  volcanos  were  seated.     We  owe  to  Doelter  the  unexpected 

Professor  Nathorst  of  Stockholm ;  cf.  also  T.  Thoroddsen,  Eine  LaYawdrte  im  Inneni 
Islands,  Peterm.  Mittheil.,  1885,  XXXI,  pp.  285,  327,  pL  xiv. 

^  0.  A.  L.  MOrch,  On  the  Mollusca  of  the  Crag  formation  of  Iceland ;  Geol.  Mag.,  1871, 
VIII,  pp.  391-400. 

*  C.  F.  Duro,  Exploraci6n  de  una  parte  de  la  Costa  Nonieste  de  Africa;  Bol.  Soc 
geogr.  Madrid,  1878,  IV,  pp.  184-199. 
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diseovery  that  Majo,  one  of  the  Cape  de  Verd  islands,  is  fonned  to  a  large 
extent  not  of  volcanic  rocks  but  of  slate  and  limestone,  the  remnant  of  an 
ancient  continent  ^.  We  have  already  pointed  out  that  marine  deposits  of 
middle  Tertiary  age,  having  the  characters  of  the  first  Mediterranean  stage, 
contribute  to  the  structure  of  Madeira  and  Porto  Santo,  as  well  as  of  Santa 
Maria,  the  most  southerly  of  the  Azores  (I,  p.  288). 

Remote  from  all  these  islands,  in  space  as  in  the  nature  of  their  rocks, 
are  the  five  black  reefs  lying  far  out  to  sea  in  lat.  0""  56'  N.  which  are 
designated  together  as  Saint  Paul's  rocks.  Darwin  did  not  regard  them 
as  volcanic  islands,  and  Renard  has  shown,  from  the  specimens  brought 
home  by  the  Challenger  Expedition,  that  they  consist  of  peridotite  '. 

As  regards  a  very  large  number  of  the  volcanic  islands  of  the  eastern 
half  of  the  Atlantic,  there  is  good  reason  to  suppose  that  the  volcanos  stand 
on  a  common  foundation.  This  was  the  view  of  L.  von  Buch  and  Hartung, 
and  has  been  supported  by  Calderon  in  a  recent  review  of  the  question  ^. 

Of  this  region  we  may  affirm,  with  much  greater  certainty  than  of  the 
north,  that  the  visible  volcanic  islands  represent  only  a  small  part  of 
extensive  volcanic  regions  covered  by  the  sea.  The  numerous  indications 
of  submarine  activity — such  as  sudden  shocks,  eruptions  of  smoke,  or  un- 
expected shallows,  which  have  been  recorded  between  long.  18*  and  26*  W., 
especially  in  the  neighbourhood  of  the  equator — led  Daussy  as  early  as  1868 
to  suspect  the  existence  of  a  submarine  eruptive  region  situated  in  about 
lat  0*  22f  S.  and  long.  22*  W.  * 

The  leaf-bearing  Tertiary  beds  which  appear  in  the  Hebrides,  the 
Faeroes,  and  in  Ireland  and  everywhere  in  the  north  accompanying  the 
basaltic  lavas,  are  not  to  be  found  on  these  islands.  To  complete  the  con- 
trast, while  the  Tertiary  beds  of  the  north  are  never  marine,  those  of  the 
islands  are  exclusively  so ;  Tertiary  beds,  however,  are  restricted  to  some 
of  the  islands  already  referred  to. 

Our  knowledge  of  the  geological  structure  of  Senegambia  and  Guinea 
is  extremely  fragmentary.  Giirich's  survey  of  existing  observations  shows, 
however,  that  the  same  structure  which  it  seemed  possible  to  trace  (I,  p.  398) 
from  the  far  south  up  to  Pungo  Andongo  (lat.  9**  24'  S.)  probably  prevails 
as  far  as  the  lower  Faleme  and  the  upper  Senegal,  as  well  as  over  a  very 

'  C.  Doelter,  Die  Volkane  der  Cap  Verden  und  ihre  Producte,  Svo,  Gratz,  1882. 

*  A.  Renard,  Description  lithologique  des  r^cifs  de  Saint-Paul ;  Ann.  Soc.  Beige  de 
liicroBcopie,  1882,  53  pp. 

'  D.  8.  Calderon,  Edad  geol6gica  de  las  Islas  Atldnticas,  y  su  relacidn  con  los  Con- 
tinentefl,  Bol.  Soc.  geogr.  Madrid,  1884,  IX,  pp.  877-899  ;  see  also  Milne  Edwards,  Compt. 
Rend^  1883,  XCVII,  p.  1389. 

*  P.  Daossy,  Note  sur  Texistence  probable  d*an  volcan,  sous-marin,  sitn^  par  environ 
()•  20'  de  lat  sud  et  22**  O'  de  long,  ouest,  Compt.  Rend.,  1853,  VI,  p.  512,  reproduced  with 
a  map  showing  the  distribution  of  the  observed  shocks,  in  Mallet's  fourth  Report  upon  the 
hcU  and  theory  of  Earthquake  Phenomena,  Rep.  Brit.  Ass.,  1858,  p.  20  et  seq. 
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large  part  of  the  allavial  river  basin  of  the  Djoliba  [Niger]  and  the  BxmK. 
Folded  Archaean  rocks,  fairly  various,  accompanied  here  and  there  by  day 
slate  of  unknown  age,  form  a  basis  surmounted  by  great  horizontal  maaBei 
of  red  sandstone.  These  are  frequently  broken  up  into  table  moantiiBi 
and  do  not  appear,  in  the  regions  studied  by  Qiirich,  to  exceed  a  heighl  d 
800  meters.  Giirich  is  inclined  to  regard  the  exposures  of  Foyaite  in  the 
Los  islands,  and  the  olivine  gabbro  of  Freetown  (Sierra  Leone),  as  inter- 
bedded  with  the  horizontal  sedimentcuy  strata  \ 

These  characters  recur  with  marvellous  uniformity ;  we  recognize  them 
in  the  descriptions  of  the  banks  of  the  Congo  by  Leng  and  Baumann,  and 
they  are  clearly  shown  in  Pechuel-Loesche's  geological  map  of  the  westen 
Congo  region.  It  is  near  Kalubu,  far  below  Stanley  Pool>  that  the  region 
of  the  horizontal  red  sandstone  begins,  which  extends  into  the  intmor 
beyond  the  Pool  \ 

To  the  north  of  the  equator,  however,  a  new  element  appears,  the  nme 
of  middle  Cretaceous  and  Tertiary  marine  beds,  which,  as  it  would  now 
seem,  border  almost  the  whole  coast  up  to  the  Cunen^.  These  were  firafe 
discovered  at  a  few  widely  separated  points  by  Giebel  and  Lenz  (I,  p.  398). 
Since  then  similar  Cretaceous  beds  have  been  described  by  Malheiro  and 
Choffat  in  the  neighbourhood  of  Benguela.  Here  red  sandstone,  oontainin^^ 
some  g}rpsum,  sulphur,  and  copper,  rests  upon  gneiss,  and  is  followed  by 
Cretaceous  beds  \  Still  further  to  the  south,  on  the  coasts  of  MossamedeSy 
Anchieta  describes  the  Cretaceous  and  Tertiary  sediments  as  a  selvage, 
hardly  100  meters  high  and  20-25  kilometers  broad,  formed  of  horizontal 
beds  which  are  bounded  towards  the  interior  by  gneiss  *. 

On  the  lower  Ehuiseb,  ancient  folded  schists  strike  according  to  Stapff 
north-west  and  south-east.  In  Angra  Pequefia  jointed  limestone,  some- 
times still  in  thick  beds,  rests,  according  to  Schenk,  on  the  horusontal  sand- 
stone which  covers  the  Archaean  foundation ;  here  great  plateau  fractures 
occur,  which  correspond  to  the  course  of  the  coast  and  are  probably  only 

^  Q.  Gtlricb,  Beitrilge  zur  Geologie  von  West-Afrika,  Zeitschr.  deutsch.  geol.  6et^ 
1887,  XXXIX,  pp.  96-185 ;  see  in  particular  A.  Pomel,  Le  Sahara,  8vo,  Al^r,  1872, 
pp.  23  at  seq.,  and  for  the  coast  regions,  0.  Lenz,  Yerh.  k.  k.  geol.  Reichsanat.,  1878v 
pp.  52,  119,  148,  168,  et  passim ;  also  Geologische  £[arte  von  West-Afrika,  Peterm. 
Mittheil.,  1882,  pi.  i ;  C.  W.  GUmbel,  Beitrftge  zur  Geologie  der  GoldkCtete  in  West- 
Afrika,  Sitzber.  k.  bayr.  Akad.  1882,  pp.  170-196;  Chaper,  Note  but  la  gtologie  de 
la  possession  fran9aise  d'Assinie,  Bull  Soc.  g^l.  de  Fr.,  1885-1886,  8«  a^r,  XIV, 
pp.  105-112. 

*  Pechu6l-Loesche,  Zur  Geologie  des  westlichen  Congogebietes ;  Deutache  Randachaa 
f.  Geogr.  und  Stat.,  published  by  F.  Umlauft,  Vienna,  1886,  VIII,  pp.  289-298,  map.  In 
the  region  of  the  coast  asphalt  is  said  to  occur. 

'  P.  Choffat,  Note  pr^liminaire  sur  des  fossiles  recueillis  par  M.  Iioaren9o  MaJheixo 
dans  la  province  d'Angola ;  Bull.  Soc.  g^ol.  de  Fr.,  1887,  8«  ser.,  XV,  pp.  154-157. 

*  J.  de  Anchieta,  Trafos  geologicos  da  Africa  occidental  portogueza ;  BoL  Soc  geogr* 
liisboa,  1885,  5*  ser.,  no.  9,  pp.  525-529. 
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the  continuation  of  the  remarkable  plateau  fractures  of  Cape  Colony, 
previously  described  ^. 

All  these  observations,  though  scattered  over  large  areas,  confirm  the 
view  that  Africa,  with  the  exception  of  its  north-western  part,  is  an  ancient 
table-land,  and  the  presence  of  the  middle  Cretaceous  transgression  adds 
another  remarkable  feature  to  its  resemblance  with  other  table-lands  and 
horsts  situated  far  away  from  it. 

14.  The  East  of  Central  and  South  America.  From  the  descriptions 
given  in  previous  chapters  of  the  tabular  structure  of  Florida  and  the 
resemblance  between  the  cordillera  of  the  Antilles  and  the  borders  of  the 
western  Mediterranean  or  of  the  Hungarian  plain,  we  may  deduce 
the  structure  of  the  coast  of  Central  America. 

A  great  variety  of  marine  beds  of  Tertiary  .or  stiU  more  recent  age 
occurs  in  this  region,  and  the  classing  together  of  calcareous  deposits  of 
different  age  has  led  to  many  erroneoiis  conceptions  with  regard  to  eleva* 
tions  of  the  land,  said  to  have  occurred  in  quite  recent  times.  We  may 
take  this  opportunity  to  recall  the  European  characters  presented  by  the 
Mesozoic  and  Tertiary  marine  faunas  of  this  part  of  America  (I,  p.  622). 

As  the  subject  is  of  some  importance  in  connexion  with  one  of  the  follow- 
ing chapters  we  will  now  illustrate  the  structure  and  succession  of  strata 
in  the  outer  Antilles  by  means  of  an  example,' selecting  for  this  purpose 
the  island  of  Antigua  and  making  use  of  information  drawn  from  the 
descriptions  given  b^Purves^ 

Antigua  has  the  form  of  a  triangle;  its  longest  side  is  turned  to  the 
north-east,  facing  the  Ocean,  and  measures  26  kilometers.  On  this  side 
the  submarine  slope  is  very  gentle ;  on  this  side  also  the  most  recent  beds 
occur,  which  are  continued  into  Barbados,  only  48  kilometers  distant  and 
separated  by  no  greater  depth  than  80-40  fathoms.  To  the  south-west,  on 
the  other  hand,  the  fall  is  very  rapid,  and  towards  the  island  of  Guadeloupe, 
which  is  not  further  away  than  Barbados,  we  soon  meet  a  depth  of  800 
fathoms.  The  south-western  part  of  Antigua  is  mountainoiis  and  attains 
a  height  of  1,400  feet;  the  north-eastern  part  is  hilly,  and  between  800  to 
500  feet  in  height ;  between  these  two  regions  a  low  plain  stretches  from 
north-west  to  south-east,  its  strata  striking  in  the  same  direction. 

The  more  elevated  south-western  p€trt  consists  of  ancient  eruptive  rocks 
which  are  described  as  porphyrites  and  volcanic  agglomerates  (Fig.  15). 
Stratified  tuff  rests  upon  these  towards  the  north-east  (T^).    The  tuff  is 

^  F.  M.  Stapff,  Earte  des  unteren  Ehuisebthales,  Peterm.  Mittheil.,  1887,  pp.  202-214, 
map ;  A.  Schenk,  Ueber  die  geologischen  Verh&ltnisBe  von  Angra  Pequefia,  Zeitschr. 
dentsch.  geoL  Gee.,  1885,  XXXVII,  pp.  584-536;  for  the  south  see  also  A.  Moolle, 
Mdmoire  sur  la  g^ologie  g^n^rale  et  sur  lea  mines  de  diamants  de  TAfrique  du  Sud,  Ann. 
Mines,  1885,  8«  s^r.,  YII,  pp.  193-348. 

'  J.  G.  Parves,  Esquisse  g^ologique  de  llle  d'Antigoa ;  Bull.  Mas.  R.  Hist.  nat.  Belg., 
1885,  III,  pp.  269-318,  pi.  xiv. 
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followed  by  the  lower  or  marine  siliceous  limcatone,  which 
numerous  remains  of  Nhells  and  in  addition  Prionastraea  diverfdforwt, 
iivlenattt7'a€(t  taurineneif.  HtyhK-otMa  lobatt^tvtundatu,  Poritea  Cbll^iaoK, 
which  all  occur  in  the  Mediterranean  ilepouits  of  Turin,  and  Alvet^xm 
da&Uiiea,  which  Hvoh  at  present  in  the  Ked  sea,  the  Indian  Ocean,  and  tic 
Pacific  (shown  I.y  the  Llack  band  n,  a,  Fig.  15),  This  siliceous  limestOH 
is  overlaid  by  sand  and  volcanic  ejections  (G) ;  then  follows  upper  siliceooi 
limestone ;  it  contains  only  fresh-water  shells  and  sUicified  wood  (the  fiist 


■! 


Fio.  16.     V:t  hUaid  of  Antigua,  after  Puirea. 

white  band  h,  h.  Fig.  15).  Upon  it  rests  another  layer  of  tuff  (T,)  and  out 
of  this  a  peak  of  trachydolerite  projects.  A  strike  fault,  which  traveraes 
the  whole  island,  repeats  the  outcrop  of  the  beds  «,  6,  and  T,.  We  have 
now  crossed  the  mountains  as  well  as  the  central  plain,  and  have  reached 
the  foot  of  the  hills  which  occupy  the  north-eastern  part  of  the  island. 
They  consist  of  white  or  yellowish  marl  and  white  limestone ;  towards  the 
south-west  they  end  in  a  steep  scarp ;  to  the  north-east  the  beds  siiik 
gradually  beneath  the  .sea,  giving  rise  to  numerous  reefs  (c).  Here,  accord- 
ing to  Purves,  the  spmnieuH  of  OrhitoitteoMantelli  from  Antigua,  described 
by  Rupert  Jones,  wei-e  in  all  prolmbility  obtained;  they  indicate  the 
horizon  of  the  white  Orbitoides  limestone  of  Jamaica. 
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AU  the  beds  hitherto  mentioned  are  very  gently  inclined  to  the  north- 
east. In  the  most  northerly  part  of  the  island  they  are  covered  by 
horisontal  beds  of  marl  containing  a  mixture  of  marine  and  terrestrial 
shells,  nearly  all  of  which  belong  to  existing  species  (d).  The  lower  marl 
beds  are  purely  marine ;  in  the  upper  beds  the  association  with  marine 
species  of  such  genera  as  Melampus,  Physa,  and  Planorbis,  point  to  a  muddy 
shore.     A  small  exposure  of  basalt  appears  on  the  north  coast. 

This  example  shows  how  complicated  the  conditions  are.  The  coralli- 
ferous  deposits  of  the  first  Mediterranean  stage  (a,  a)  rest  on  older  tuff. 
The  eruptive  activity  persisted  through  all  that  part  of  the  Tertiary  period 
which  is  represented  in  the  island,  and  the  middle  Tertiary  Orbitoides 
limestone  (c,  c)  sinks  so  gradually  beneath  the  sea  that  its  fragments, 
surrounded  as  they  are  by  living  coral  reefs,  might  easily  be  mistaken 
themselves  for  modem  coral  reefs  left  dry  by  the  sea. 

The  same  deposits  of  the  first  Mediterranean  stage  which  we  have  just 
mentioned  probably  also  form  the  foundation  of  the  Bahamas.  The  Orbi- 
toides limestone  also  forms  a  large  part  of  Florida  and  runs  still  further 
nortii  in  the  valley  of  the  Mississippi.  In  this  table-land  the  gulf  of  Mexico 
islet  down  (I,  p.  284)  and  forms  the  'fore-sea/  a  trough  lying  in  front  of 
tiie  Cordillera  of  the  Antilles.  The  remains  of  the  deep-sea  fauna  of  the 
Pacific,  living  at  present  in  the  depths  of  the  gulf  of  Mexico,  and  the  inter- 
calation of  the  lacustrine  Grand  Gulf  Series  above  the  marine  Tertiary  of 
the  lower  Mississippi,  show  that  the  separation  of  the  Pacific  from  the 
Atlantic  region  must  have  taken  place  in  comparatively  recent  times, 
tmder  conditions  so  complicated  and  variable  that  we  can  at  present  form 
no  dear  conception  of  them. 

Let  US  now  turn  our  attention  to  the  regions  further  south. 

Marine  deposits  of  Tertiary  age  extend  far  up  the  valley  of  the 
Orinoco. 

The  map  of  eastern  Guayana,  constructed  by  V^ain  from  the  observa- 
tions of  Crevaux,  shows  a  more  or  less  east  to  west  strike  of  the  apcient 
rocks  composing  this  region.  The  intercalated  Palaeozoic  beds  which  form 
the  northern  part  of  the  basin  of  the  Amazon  follow  the  same  direction, 
and  the  course  of  this  coast  from  Cayenne  to  the  mouth  of  the  Amazon 
thus  cuts  directly  across  the  strike.  For  almost  the  whole  of  this  distance, 
however,  a  broad  band  of  recent  alluvial  deposits  appears  to  lie  between 
the  edge  of  the  mountains  and  the  sea  ^. 

Now  the  basin  of  the  Amazon  broadens  out.  From  what  we  at  present 
baow  of  the  structure  of  Brazil  we  must  conclude  that  the  contour  of  the 
continent  also  cuts  across  the  strike  of  the  rocks  as  far  as  cape  Saint-Boque, 

^  C.  y^lain,  EequiBse  g^ologique  de  la  Gujane  fran^aise  et  dee  bassins  du  Parou  et  du 
Yari,  d*apr^i  lea  explorations  du  Dr.  Crevaux ;  Bull.  Soc.  geogr.  Paris,  1885,  7®  s^r.,  VI, 
VP.4SS-495,  map. 
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but  from  this  promontory  onwards  the  course  of  the  coast,  at  least  as  br 
as  Paraguay,  is  determined  by  that  of  the  mountain  ranges. 

As  regards  this  important  region  we  may  add  to  oar  previoas  lemids 
the  following  observations : — 

Mr.  Orv'ille  Derby  has  Ijeen  good  enough  to  call  my  attention  to  tU 
way  in  which  the  direction  of  this  coast  is  repeated  not  only  in  the  coonB 
of  the  Parahyba  but  also  in  tliat  of  the  Parana  and  the  S&o  FranciBeQ. 
Indeed  any  map  of  Brazil  will  show  that  on  leaving  the  watershed  thfise 
two  great  rivers  flow  to  the  north-east  and  south-west  on  the  same  liu 
parallel  to  the  coast,  and  then  both  turn  at  a  right  angle  to  the  sea.  Thai 
mouths  are  separated  by  25  degrees  of  latitude.  The  mountain  nnge^ 
however,  which  is  marked  along  the  watershed  on  many  maps  does 
not  exist. 

The  relation  between  these  two  rivers  resembles  that  between  the  IndiB 
and  the  Brahmaputra,  which  also  flow  in  opposite  directions  along  the 
same  line  of  strike  and  then,  deflected  at  right  angles,  leave  the  momitainB 
by  lateral  valleys.  Tlie  Rhine  and  Rhone  aflbrd  a  well-known  example  of 
precisely  the  same  kind  in  the  Alps;  and  in  this  connexion  the  Saisfc- 
Gotthard  is  only  a  secondary  watershed  within  a  longitudinal  valley. 

The  structure  of  the  mountain  ranges  which  determine  the  directicxi  of 
the  coast  and  the  course  of  these  rivers  is  known  in  its  main  features  chififlj 
from  the  descriptions  of  Orvdile  A.  Derby.  These  mountains  are  fonned 
of  folded  Archaean  rocks.  They  unite  near  the  upper  waters  of  the  Bio 
Grande.  The  Serra  do  Mar  runs  from  the  south- west  along  the  coast;  the 
Serra  da  Mantiquira  proceeds  further  to  the  north-east ;  towards  the  north- 
north-east,  east  of  Sao  Francisco,  lies  the  Serra  do  Elspinhafo,  and  another 
range,  the  Serra  da  Canastra  already  known  to  Elschwege,  runs  off  to  the 
north-west  between  the  Rio  Pardo  and  the  Supucahy ;  it  is  continued  in 
a  manner  not  precisely  determined  towards  Goyaz. 

Against  the  west  side  of  the  folded  Archaean  region,  extending  towards 
the  Parana,  lies  a  tabular  zone  of  horizontal  beds,  in  which  Devonian  and 
Carboniferous  fossils  have  been  found.  This  zone  lies  at  a  height  of  900- 
1,000  meters,  and  further  north  of  700-800  meters.  Dykes  of  diabaae 
break  through  it  and  project  in  ridges  from  its  surface. 

On  the  west  of  this  tabular  zone  of  Devonian  and  Carboniferous  rises 
a  scarped  outcrop  which  runs  from  Uruguay  to  Minas  Geraes  ;  its  eastern 
edge  reaches  a  height  of  only  about  1,000  meters  on  the  Parana^  and  of 
1,200  meters  in  Minas  Geraes.  This  is  the  edge  of  another  tabnlar  mne, 
which  consists  of  Permian  or  Trias  with  overlying  sheets  of  melaphyre. 

The  eastern  affluents  of  the  Parana  have  cut  deep  furrows  in  the 
horizontal  beds.  The  decomposition  of  the  diabases  and  melaphyres 
produces  the  best  soil  for  the  coffee  plantations. 

On  the  Sao  Francisco  the  structure  is  similar,  but  between  the  folded 
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Archaftan  chains  and  the  region  of  horizontal  strata  a  tract  of  folded 
Silurian  appears  ^. 

Two  elements  must  thiis  be  distinguished  in  the  south-east  and  east  of 
Brazil,  namely,  the  folded  mountain  ranges,  which,  as  we  have  said,  even 
include  the  Silurian  on  the  Sao  Francisco,  and  the  flat-bedded  table-lands, 
which  b^in  with  the  Devonian  and  are  very  widely  distributed  towards 
the  interior. 

In  these  pre-Devonian  mountain  chains  the  older  rocks  lie  towards  the 
east,  and  the  folding  movement,  as  far  as  it  has  been  at  present  recognized, 
was  directed  towards  the  interior.  This  observation  is  of  great  importance. 
It  aerigms  to  the  Serra  do  Mar  in  the  continent  of  Sotith  America  a  position 
rimilar  to  that  occupied  in  North  America  by  the  Appalachians. 

I  believe,  writes  Mr.  Orville  Derby,  that  the  comparison  of  the 
Olographic  system  of  Brazil  with  the  Appalachians  is  based  on  a  true 
homology,  and  that  the  chief  difference  lies  in  the  age  of  the  most 
importfimt  elevation,  which  in  North  America  affects  the  whole  Palaeozoic 
series,  while  the  formation  of  the  greater  part,  if  not  the  whole,  of  the 
Brazilian  was  pre-Devonian. 

It  follows  further  that  the  coast  mountains  of  Brazil  occupy  the  same 
position  with  regard  to  the  Andes  as  the  Appalachians  to  the  Cordilleras  of 
the  west  of  North  America,  and  that  in  the  wfide  breadth  of  both  continents 
the  tangential  movement  is  directed  from  the  Atlantic  Ocean  towards  the 
Pacific. 

South  of  the  La  Plata  we  reach  the  region  which  lies  within  the  virga- 
tion  of  the  southern  Andes.  On  the  La  Plata  itself  marine  deposits  of 
Tertiary  age  are  present  which  extend  far  into  the  interior  of  the  land. 
They  are  the  commencement  of  that  very  varied  series  of  horizontal 
Tertiary  deposits,  partly  marine  and  partly  continental,  which,  enclosed 
between  the  branches  of  the  virgation,  form  the  entire  coast  of  Patagonia. 
They  will  be  discussed  in  a  later  chapter. 

As  we  have  already  learnt,  the  Falkland  islands  are  a  folded  fragment 
of  Palaeozoic  sediments  completely  alien  to  the  adjacent  continent  (I,  p.  627). 
The  reports  of  the  German  polar  station  in  Sovlh  Georgia  show  that  the 
island  is  formed  of  folded  clay  slate  ^. 

^  0.  A.  Derby,  Contribu93es  para  o  estudio  da  geographia  physica  do  Valle  do  Rio 
(h«Dde,  Bol.  Soc.  geogr.  Rio  de  Janeiro,  1885,  I,  no.  4,  30  pp. ;  by  the  same,  Geographia 
phytica  do  Brazil,  in  d'Abreu  e  A.  do  Valle-Cabral,  Brazil  Geographico  e  Historico,  vol.  I, 
1884,  translated  into  English  in  the  *  Rio  News/  5, 15,  24  December,  1884.  A  geological 
map  of  this  region,  by  the  same  author,  appears  in  K.  F.  van  Delden  La6me,  Brazili6  en 
Java,  Yerslag  over  de  EofBecoltuur  in  Amerika,  Asie  en  Africa ;  Bijdr.  tot  de  Taal-,  Land- 
en  Yolkenkunde  van  Ned.  Indie,  1885,  IV,  6,  pi.  i ;  cf.  also  the  present  work,  I,  p.  510, 
note  2. 

'  E.  Moethaff  nnd  H.  Will,  Die  Insel  Sfld-Georgien ;  Deutsche  Oeogr.  Bl&tter,  Bremen, 
1884,  VTI,  pp.  113-151,  in  particular  p.  119,  et  seq. 
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Tristan  da  Cunha  and  Diego  Alvarez  (Gough)  are  of  volcaaiG  orig^ 

15.  General  survey  of  the  AtlaiUic  coasts.  The  numerooB  facte  jtd 
discussed  lead  to  the  conclusion  that  a  certain  amount  of  symmetiy  exirti 
between  the  two  sides  of  the  Ocean.  In  some  cases  oompariaoii  is  in- 
possible,  in  others  a  correspondence  is  striking,  even  if  difficult  to  explin. 
I  will  now  attempt  a  representation  of  the  facts,  taking  each  TeffXMi  ii 
turn. 

(a)  To  the  north,  in  the  middle  of  the  Ocean,  rises  the  wedge-shaped 
mass  of  GreeiHand ;  on  each  side  lies  the  sea. 

(6)  The  eastern  boundary  of  this  sea  is  formed  in  the  first  place  ly 
a  range  of  ancient  gneiss  which  strikes  down  from  Magero  to  the  jagg^l 
peaks  of  the  Lofoten,  and  is  visible  in  the  Hebrides  further  to  the  soutt- 
west. — The  western  boundary,  in  Davis  strait  and  Baffin  bay,  conaate 
likewise  of  a  jagged  gneiss  range,  which  comes  from  the  north  and  follows 
the  coast  towards  cape  Walter  Bathurst,  through  Cumberland  and  Lafandor 
up  to  the  straits  of  Belle  Isle. 

(c)  A  folded  range  of  pre-Devonian  age,  the  Caledonian  tnottTUatiu, 
beginning  prolmbly  in  Norway,  runs  through  the  Shetlands  and  the 
Orkneys,  Scotland,  Wales,  and  a  great  part  of  Ireland.  The  Scotch  hontB 
lie  in  its  strike. — No  corresponding  range  is  known  in  America. 

{d)  On  the  ea-st  of  the  gneiss  range  and  the  Caledonian  zone  tbov 
follows  in  Europe  the  great  Baltic  shield.  The  folded  Silurian  beds  d 
Norway  appear  to  pass  into  the  flat-lying  Silurian  of  its  western  border. 
Archaean  formations  are  exposed  in  the  middle  of  the  shield ;  the  g^Iint  line 
completely  surrounds  it.  The  Varanger  fjord,  the  lakes  of  Lapland,  the 
gulf  of  Finland,  lakes  Ladoga  and  Onega  and  the  gulf  of  On^a  mark  the 
edge  of  the  shield.     The  shallow  gulf  of  Bothnia  lies  upon  it. 

A  similar  structure  is  repeated  in  Canada.  West  of  the  gneiss  range 
of  the  coast  lies  the  great  Camulian  stiield.  It  is  surrounded  by  flat-lying 
Palaeozoic  beds.  The  great  lakes  mark  its  southern  boundary,  which  runs 
down  through  lakes  Winnipeg  and  Athabasca,  the  Slave  lake,  Marten  lake 
and  Bear  lake  to  Coronation  gulf ;  then  probably  through  Simpson  strait 
and  perhaps  through  Melville  peninsula.  Hudson  bay,  of  no  great  depth, 
lies  upon  it. 

In  Europe,  as  in  North  America,  there  is  a  shield,  a  shallow  sheet  of 
water,  a  ring  of  glint  lakes,  and  a  flatly  bedded  Palaeozoic  border. 

(e)  On  the  west  coast  of  Ireland  where  the  Caledonian  mountains, 
striking  to  the  south-west,  disappear,  the  folded  ranges  of  another  chain 
arise,  which  proceed  in  an  arc  from  the  interior  of  the  continent,  striking 
first  to  west-north-west,  and  then  to  the  west.  It  is  folded  to  the  north. 
This  is  the  Armorican  an\  It  reaches  the  south-west  coast  of  Ireland 
with  a  westerly  direction ;  this  coast,  Cornwall  and  Devon,  as  well  as  the 
coasts  of  the  north-west  of  France,  owe  their  rocky  shores  to  the  way  in 
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m  which  these  folds  strike  out  to  sea.    This  chain  arose  for  the  most  part 
m  before  the  end  of  the  Carboniferous  period. 

m  In  the  same  way  Nova  Scotia  and  Newfoundland  are  detached  from 
9  the  contour  of  America  and  show  us  the  folds  of  a  great  mountain  range, 
I  which  coming  from  the  south-west  assumes  gradually  a  west  to  east 
[I  direction.  This  range  also  is  folded  to  the  north  like  the  Armorican  arc ; 
it  also  attained  its  chief  development  before  the  close  of  the  Carboniferous 
f   period. 

(/)  In  Europe  there  next  follow  the   Pyrenees,    It  is  impossible  to 
:    discover  a  corresponding  range  m  America. 

(g)  In  Europe  we  now  arrive  at  the  basin  of  Asturias.    There  is  nothing 

similar  to  be  met  with  in  America. 

.  (A)  We  then  come  to  the  Mediterranean  on  the  east  side  of  the  Ocean. 

>    It  is  closed  in  near  Gibraltar  by  a  chain  folded  towards  the  exterior  and 

..  bent  round  in  a  sharp  curve.    This  is  the  most  westerly  prolongation  of 

the  Betic  cordiUera  and  presents  at  the  same  time  the  only  instance  in 

which  the  outer  margin  of  a  folded  range  reaches  the  east  coast  of  the 

Atlantic,  without  sinking  beneath  the  Ocean  in  a  rias  coast. 

On  the  west  side  of  the  Ocean,  though  further  to  the  south,  we  see  the 
Caribbean  sea,  girdled  about  by  the  cordiUera  of  the  Antilles,  which  also  is 
folded  towards  the  exterior  and  sharply  curved  round :  this  again  is  the 
only  place  on  the  western  side  where  the  outer  border  of  a  folded  range 
reaches  the  coast  without  being  faulted  down  as  it  strikes  out  to  sea. 
It  is  not  possible  to  continue  these  comparisons  further  to  the  south. 
Greenland  lies  symmetrically  between  two  continents.  The  gneiss 
range  of  the  Lofoten  corresponds  to  that  of  Labrador;  but  the  objection 
may  be  raised  that  in  Europe  the  former  is  interrupted  for  a  great  distance 
and  that  the  latter  in  America  is  little  known.  The  Caledonian  range  is 
absent  in  America.  The  two  shields  correspond  and  the  two  pre-Permian 
rias  coasts.  The  Pyrenees  and  the  basin  of  Asturias  are  not  represented 
in  America;  on  the  other  hand  there  is  a  striking  resemblance  between 
the  two  Mediterraneans  with  their  girdle  of  folds. 

It  may  be  observed  that  certain  elements  are  represented  in  Europe 
twice  over  as  it  were ;  thus  the  Armorican  rias  coast  is  repeated  by  the 
Pyrenees  and  the  basin  of  Asturias  by  the  girdle  of  the  Mediterranean. 
This  duplication,  however,  arises  from  the  repetition  of  the  pre-Permian  by 
the  Tertiary  ranges,  the  building  and  rebuilding  of  Europe  revealed  by  the 
horsts. 

The  Caledonian  folds  do  not  come  into  question  here;  they  are  not 
known  m  North  America,  and  in  the  northernmost  part  of  Norway  no 
Caledonian  folds  are  interposed  in  the  course  of  the  horizontally  stratified 
masses  of  the  lake  region  as  they  extend  to  the  west,  up  to  the  dislocation 
which  separates  them  from  the  gneiss  of  the  Lofoten. 
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Dingle  bay  on  the  west  of  Ireland,  on  the  outer  border  of  the  Armorien 
arc,  corresponds  consequently  to  Belle  Isle  straits  between  Labrador  and 
Newfoundland.  Both  lie  approximately  in  the  same  geographical  latitude. 
But  thence  to  the  south  the  homologous  parts  of  Europe  are  much  mon 
closely  crowded  together  than  their  Mexican  equivalents,  and  thus  tk 
Mediterranean  lies  considerably  further  north  than  the  Caribbean  sea. 

It  is  to  the  repeated  reconstruction  of  Europe  that  the  peculiar  diffi- 
culties arc  due  which  have  always  confronted  tectonic  studies  in  this 
continent.  Elsewhere  the  mountains  are  more  uniform  in  stmctore,  planned 
on  broader  and  simpler  lines.  Even  if  in  many  cases  we  have  not  been 
able  to  follow  the  bordering  faults  all  round  the  mountain  fragments  wlaA 
we  have  represented  as  horsts,  even  if  we  prefer  to  assume  that  tb 
Central  Plateau  and  Brittany,  for  example,  have  been  separated  acroa 
Poitiers  not  by  subsidence,  but  by  erosion,  yet  this  will  not  alter  the  resolL 
From  the  lower  Guadalquivir  up  to  the  neighbourhood  of  Briinn  th 
younger  folded  ranges  are  faced  by  the  walls  of  faults.  What  is  then 
known  as  the  sierra  Morena  is  here  called  the  Manharts-Gebii^,  and  thi 
only  question  which  remains  is  to  what  extent  the  fragments  to  the  noitli 
of  these  walls  are  to  be  regarded  as  independent  of  one  another.  Tla 
question,  however,  is  only  of  secondary  importance,  since  within  thi 
mountain  segments  themselves  mighty  dislocations  are  present  of  the  mot 
various  age,  as  for  example  the  marginal  fractures  of  the  Scotch  trou^ 
the  fault  of  Saint-Ingbert  in  the  basin  of  the  Saar  and  the  Letten  kluft 
near  Przibram. 
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CHAPTER  III 

9 

THE  BORDERS  OF  THE  PACIFIC  OCEAN 

New  Zealand.  Australia.  New  Caledonia.  The  sea  of  Banda,  Borneo.  Cochin-cbina, 
Tongking.  The  Philippines.  Formosa  and  the  Liu-Kiu  islands.  Japan.  The  Enriles 
and  Kamchatka.  General  survey  of  the  island  arcs.  Eastern  China.  North-eastern 
The  arc  of  the  Aleutian  islands.    The  west  coast  of  America. 


1.  New  Zealand.  Since  the  brilliant  description  of  this  island  group  by 
F.  von  Hochstetter,  our  knowledge  of  its  structure  has  been  greatly 
increased  by  the  contributions  of  Hutton  and  Julius  von  Haast  and  by 
the  work  of  the  Geological  Survey  under  the  direction  of  J.  Hedtor. 
Space  precludes  more  than  a  summary  of  the  most  important  results 
achieved  by  these  laborious  investigations;  I  am  fortunate,  however,  in 
having  at  my  disposal,  not  only  a  large  body  of  already  published  material 
and  the  general  geological  map  by  Hector,  but  also  information  afforded 
me  in  friendly  communications  by  Herr  von  Haast,  and  a  detailed  manu- 
script sketch  which  I  owe  to  the  kindness  of  Captain  Hutton. 

The  series  of  marine  beds  in  New  Zealand  is  very  complete.  The 
Silurian  is  represented  by  at  least  two  series  of  fossilif erous  strata,  a  lower 
group  with  Graptolites  and  an  upper  group  with  Trilobites ;  the  Devonian 
is  less  distinct;  the  Carboniferous  limestone  contains  Spirifer  biavlcaiibs, 
Productus  brachythaerus,  and  other  characteristic  species;  above  it  lies 
the  group  distinguished  by  Glossopteris,  but  the  marine  Carboniferous 
beds,  which  in  Australia  overlie  the  coal  with  Glossopteris,  are  not  recorded 
from  New  Zealand.  The  Trias  is  represented  by  the  Wairoa  beds  with 
Pseudomonotis  and  Halobia.  Then  follow  beds  distinguished  by  Ammo- 
nites and  Brachiopods,  which  are  assigned  to  the  Lias  or  lower  Jurassic 
(Catlin's  River  amd  Bastion  Series),  and  plant-bearing  beds  with  Macro- 
to/eniopteris  lata,  which  are  correlated  by  Hector  with  the  B^jmah&l  series 
of  India.  This  flora,  corresponding  approximately  to  the  middle  of  the 
Gondwana  series,  is  evidently  the  same  as  that  which  extends  with  such 
an  astonishingly  wide  distribution  through  almost  the  whole  of  Eurasia ; 
as  regards  its  relations  to  the  marine  deposits  of  New  Zealand,  there  is  at 
present  great  dearth  of  information.  Deposits  with  Bdenmitee]  Australis 
are  rightly  or  wrongly  regarded  as  representatives  of  the  lower  Creta- 
ceous; then  follow  very  fossilif  erous  sediments  of  the  middle  Cretaceous 
and  a  series  of  marine  Tertiary  formations.   The  sediments  are  accompanied 
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by  various  volcanic  rocks,  which  begin  in  the  Palaeozoic  aera  and,  on  N<xfli 
island,  are  still  in  process  of  extrusion. 

Varied  as  is  the  succession  of  the  strata,  the  structure  and  featuree  of 
the  land  are  no  less  so.  In  the  south  it  forms  a  true  Alpine  r^on  "whm 
several  peaks  rise  above  3,000  meters ;  in  the  middle  of  North  island  licB 
one  of  the  most  remarkable  volcanic  areas  in  the  world.  The  outlines  of 
the  islands,  however,  correspond  only  in  part  with  the  trend  of  the 
mountain  folds;  fracture  and  subsidence  have  had  a  large  share  in  thdr 
formation. 

Hochstetter  had  already  suspected  that  Cook  strait  and  Foveauz  strait, 
which  separate  the  three  islands,  were  due  to  the  subsidence  of  mountain 
blocks ;  he  was  also  aware  that  the  mountain  chain  which  follows  the  east 
•coast  of  North  island  from  East  cape  to  Wellington  is  continued  du  the 
other  side  of  Cook  strait  between  the  east  coast  of  South  island  and 
the  river  Awatere,  and  that  this  continuation  lies  to  the  east,  outside  the 
trend  of  the  principal  chain  ^.  More  recent  investigations  in  the  south, 
however,  have  revealed  the  remarkable  fact  that  in  the  southern  half  of 
South  island  two  directions  of  strike  and  folding  encounter  one  anotha 
almost  at  right  angles,  and  the  knowledge  we  have  acquired  in  other  parts 
of  the  earth  leads  us  to  conclude  that  in  this  region  two  independei^ 
unilateixil  chains  meet  in  S'yntaxia.  One  of  these  chains  trends  to  the 
north-east,  and  its  oldest  rocks  lie  to  the  north-west  and  west;  all  the 
mountain  fragments  of  North  island  belong  to  it.  The  second  chain  runs, 
so  far  as  it  is  known,  to  the  south-east,  and  its  oldest  rocks  crop  out  on  its 
south-west  side;  it  includes  the  southern  part  of  South  island  together 
with  Stewart  island.  On  the  east  coast  near  Dunedin  it  is  broken  dS 
transversely  a^cross  its  whole  breadth  ^. 

The  chief  structural  features  which  are  developed  from  this  plan  are 
as  follows : — 

A  long  narrow  band  of  gneiss  and  ancient  granite  follows  the  west 
coast  of  the  middle  part  of  South  island.  It  has  been  described  by 
Herbert  Cox  \  Only  a  few  Palaeozoic  patches  lie  along  the  coast  on  the 
western  flank  of  these  ancient  rocks ;  towards  the  east,  on  the  other  hand, 
they  furnish  the  base  of  an  extremely  thick  zone  of  slates,  also  Palaeozoic, 

*  F.  von  Hochstetter,  Geologie  von  Neu-Seeland  ;  Raise  der  dsterreichiichen  Fregatte 
Novara  um  die  Erde,  Geologischer  Theil,  I,  4to,  Wien,  1864,  p.  xlvi,  2,  et  pawm. 
Hochstetter's  first  impression  of  Cook  strait  was  not  that  of  simple  fracture,  but  of 
a  displacement  of  the  islands  in  an  opposite  direction  by  a  mighty  lateral  force ;  bj  the 
same,  Lecture  on  the  Geology  of  the  Province  of  Nelson,  New  Zealand  GrovemmeBt 
Gazette,  Nelson,  Oct.  22,  1859,  p.  101. 

'  I  refer  the  reader  to  the  diagram  of  South  island-in  Hutton^s  Sketch  of  the  Geology 
of  New  Zealand ;  Quart.  Joum.  Geol.  Soc,  1885,  XLI,  p.  195. 

'  S.  H.  Cox,  Report  on  Westland  District;  Rep.  Geol.  Surv.  New  Zealand,  1874-1876, 
Wellington,  1877,  pp.  63-93,  map. 
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which  form  the  highest  summitB  of  the  New  Zealand  Alps,  Here  ia 
edtuated  meant  Cook,  which  attains  a  height  variously  estimated  at  from 
8,762  to  8,963  meters ;  great  glaciers  descend  from  this  lofty  range ;  a  vivid 
and  instructive  picture  of  the  region  has  been  given  by  Von  Lendenfeld  ^. 
Towards  the  east  the  range  slopes  down  and  is  followed  by  a  long  synclinal 


b^  Fro.  16,     He-a  Zealand. 

np  1,  Archaeui ;  p,  ciyatallme  sekiets  and  Palaeozoic  ;  trj^^Tn&a  and  Juraaaie  ;  tri,  Cretaceous 
^U)d  Tertiary;  dotted  araoa,  volcaoic  regloiiB,  chiefljr  acid  lavai  and  tb«ir  aaaociated  hilb  ; 
black,  principal  volcanoB  and  basic  lavaa  ;  white,  recent  alluvium. 

of  Mesozoic  beds,  till  the  Palaeozoic  foundation  again  rises  in  an  anticlinal ; 
then  comes  a  broad  plain  on  the  oast  which  unites  the  border  of  the  moun- 
tains with  a  block-like  mountain  mass  projecting  far  out  to  sea.     This  is 

'  R.  T.  Lendenfeld,  Der  Tuman-OleUcher  nnd  seine  Umgebungi   Peterm.  Hitth., 
Erganznngtheft,  Nr.  75,  1884,  80  pp.,  maps. 
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Banks  peninsula.  Haast,  who  has  examined  and  described  the  whole  li 
that  paj*t  of  the  island  just  referred  to,  has  shown  that  on  the  west  mk 
of  this  mass  some  ancient  schists  crop  out,  and  associated  with  these  qimii' 
bearing  porphyry,  but  all  the  rest  of  the  mass,  which  attaina  a  he^^  4 
927  meters,  rising  from  an  area  as  large  as  the  base  of  Aetna,  cqohIi 
of  a  number  of  closely  crowded  craters  of  various  age,  standing  beside  lal 
above  one  another.  Some  of  these  reveal  the  same  radial  arranganflit 
of  the  dykes  as  distinguishes  mount  Venda  in  the  Euganean  r^ioi 
(I,  p.  146)  \ 

The  ancient  rocks  of  the  west  strike  to  the  north-east,  and  pass  iak) 
elongated  mountain  cores ;  one  of  these  reaches  the  sea  on  the  west  eook 
of  Tasman  bay.     On  North  island  neither  gneiss  nor  granite  is  exposed. 

Palaeozoic  rocks  also  appear  to  the  west  of  the  crystalline  sehists  of 
Tasman  bay ;  but  the  principal  zone,  which  runs  from  mount  Cook  to  the 
north-east  and  includes  many  lofty  peaks,  reaches  Cook  strait,  passiif 
mount  Franklin  on  the  east  side  of  Tasman  bay ;  it  then  breaks  up  into 
a  number  of  peninsulas,  islands,  and  cliSs,  and  sinks  beneath  the  sei 
between  dlJrville  island  and  Blenheim.  To  the  east  the  principal  IUae(h 
zoic  zone  is  followed  by  the  Mesozoic  synclinal,  which  still  further  eu^ 
beyond  the  river  Awatere,  is  followed  by  Palaeozoic  antidinals;  towazds 
the  east  coast  these  in  their  turn  are  accompanied  by  a  Mesozoic  zone. 

These  anticlinals  of  Palaeozoic  rocks  lying  east  of  the  Awatere  foim  the 
Kaikoura  chains,  which  attain  a  height  of  over  8,000  feet;  Hochstett^ 
rightly  recognized  them  as  the  continuation  of  the  long  Palaeozoic  range 
of  North  island :  this  begins  near  Wellington,  and  as  the  Tararoa  chain,  the 
Ruahine  chain,  or  under  other  names  attains  in  'several  places  a  height  of 
over  5,000  feet ;  it  finally  reaches  the  north  coast  east  of  tiie  bay  of  Plenty. 
A  Mesozoic  zone  and  subsidiary  Palaeozoic  chains  border  its  east  side 
from  cape  Palliser  to  cape  Runaway,  so  that  the  course  of  this  part  ct 
the  coast  corresponds  with  the  a^ctual  strike  of  the  beds. 

The  long  and  narrow  Palaeozoic  band  running  from  Wellington  to 
the  north  coast,  which  for  brevity  we  will  call  the  Ruahine  cdiain,  is 
the  only  continuous  folded  range  of  North  island.  Towards  the  west 
it  is  followed  by  the  extensive  volcanic  region  of  lake  Taupo  with  the 
gigantic  volcanos  Tongariro  and  Ruapehu.  On  the  west  side  of  the  island 
another  volcano,  mount  Egmont,  emerges  in  a  great  circular  outline  from 
the  sea.  Tertiary  and  even  more  recent  sediments  form  the  north  coast 
of  Cook  strait  between  this  broad  cone  and  the  south  end  of  the  Ruahine 
range.  To  the  north-west  Palaeozoic  rocks  are  known  in  many  localities; 
up  to  the  North  cape,  however,  and  beyond  it,  these  are  only  the  isolated 
fragments  of  the  sunken  range,  between  which  recent  volcanos  appear  in 

^  JaliuB  y.  Haast,  Geology  of  the  Provinces  of  Canterbury  and  Westiand,  8to,  Ghriii- 
«harch,  1879,  pp.  324-849. 
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y  places,  especially  near  Auckland.  More  recent  sediments,  tuffs,  and 
unite  these  fragments  by  a  superficial  covering,  and  so  form  the 

ter  part  of  North  island.  The  regular  arc-like  curve  of  the  north- 
m  shore  is  formed  by  littoral  accumulations  which  run  from  one 
tain  fragment  to  another.    The  north- western  coast,  therefore,  in  no 

Say  represents  the  actual  trend  of  the  mountains.  The  south-east  coast, 
terrupted  by  Hauke  bay,  alone  corresponds  with  this  direction. 
^  The  principal  chains  of  South  island  disappear  at  Cook  strait,  and  it  is 
tpDly  a  secondary  chain  which  is  continued  across  North  island  as  the 
^uahine  range.  We  naturally  look  for  the  continuation  of  the  principal 
^i^hains  of  the  south  beneath  the  volcanic  region  of  the  north.  '  Probably,' 
^^ibays  Hutton, '  the  ge-anticlinal  of  the  South  island  runs  through  the  centre 
s-i^  the  North  island  from  Wanganui  to  the  bay  of  Plenty  ^.'  Hochstetter 
^.bas  already  distinguished  under  the  name  of  the  Taupo  mountains  a  series 
StI'Of  recent  volcanos  running  right  through  North  island  parallel  to  the 
^iBiiahine  range  and  to  the  west  of  it.  This  zone,  characterized  by  acid 
^  f  lavas,  runs  in  a  north-easterly  direction  from  the  mouth  of  the  Wanganui 
^1  on  the  coast  of  Cook  strait  to  the  island  of  Whakari  (White  island),  an 
1^.  active  volcano  which  rises  from  the  bay  of  Plenty.  Ruapehu  (2,793 
^  meters),  Tongariro  (2,582  meters),  lake  Taupo,  Tauhara  and  Putanaki 
1^.  (mount  Edgecumbe)  lie  on  this  line,  which  Hochstetter  regarded  as  the 
2  boundary  or  margin  of  a  downthrown  area'. 
^  Let  us  return  to  South  island. 

The  syntaxis  does  not  take  plaice  at  an  acute  angle,  but  in  a  fairly  open 
^  curve.  Possibly  the  form  of  syntaxis  as  projected  on  the  map  is  determined 
^     by  the  degree  to  which  denudation  has  advanced. 

^  A  Palaeozoic  spur  runs  out  from  the  region  of  mount  Cook  to  the  south- 

east, and  approaches  the  mouth  of  the  Waitaki  on  the  east  coast  in  a  gentle 
curve.  A  second  arc  lies  to  the  south  of  this  river.  Finally,  the  whole  of 
the  Palaeozoic  zone,  here  very  broad,  swerves  round  near  lake  Wanaka,  in 
west  Otago,  from  south-west  through  south  to  south-east,  and  then  ends 
by  breaking  off  on  the  coast  near  Dunedin  as  we  have  already  seen.  On 
the  south-eiast  coast  this  zone  extends  to  Molyneux  bay,  and  is  there 
followed  on  the  south  by  a  very  remarkable  Mesozoic  zone,  which  includes 
the  Hokanui  mountains  and  is  distinguished  by  a  particularly  rich  suc- 
cession of  Jurassic  beds,  both  marine  and  continental,  as  the  observations 
of  Cox  and  M*Kay  have  shown  ^.     This  zone  takes  part  in  the  folding, 

^  Hntton,  Sketch  of  the  Geology  of  New  Zealand,  p.  197. 

2  F.  von  Hochstetter,  Geologic  von  Neu-Seeland,  p.  92  et  seq. 

'  S.  H.  Cox,  Report  on  the  Geology  of  the  Hokanui  Rang^,  Southland,  Rep.  Geol. 
Surv.  New  Zealand,  1877-1878,  Wellington,  1878,  pp.  25-48,  map ;  Alexander  M'Kay, 
Notes  on  the  Sections  and  Collections  of  Fossils  obtained  in  the  Hokanui  District,  torn, 
cit.,  pp.  49-90  ;  by  the  same,  Mataura  Plant-beds,  Southland  County,  op.  cit.,  1879-1880, 
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i;  n  strikes  lo  the  south-east,  and  finally  aknost  due  east.     To  the  aoat] 

south-west  it  is  again  followed  by  slates,  forming  the  north  part  of  Si 
island,  and  then  finally  by  gneiss. 
' '  \  The  extreme  south-west  of  South  island  from  Milford  sotind  on^ 

' , ,  (  consists  of  gneiss ;  the  coast  is  very  steep  and  cut  into  by  deep  f 

,' !  il  gneiss  also  forms  the  southern  moiety  of  Stewart  island. 

The  processes  by  which  the  mountains  of  New  Zealand  have  been 

up  were  distributed  over  an  extremely  long  period  of  time.    Folding  i 

,  I :  ments  occurred  before  the  Mesozoic  aera ;  the  middle  and  upper  ( 

ceous  in  particular,  distinguished  here  as  in  Europe  by  the  preset 

a  dicotyledonous  flora,  lies  in  discordance  in  many  places,  but  in  ai 

. 'i  f  parts  of  South  island  post-Cretaceoiis  folding  is  also  known.     The  i 

Vi'  'f  volcanos,  the  numerous  hot  springs  of  North  island,  and    the  » 

phenomena  show  that  the  breaking  up  of  the  Cordilleras  cannot  be  reg 
as  yet  at  an  end. 
\\  '.  ^ Mountains  with  sharply  jagged  peaks,'  writes  Captain  Hutton 

the  exception  in  Switzerland,  and  the  rule  in  New  Zealand.     Wafa 

are  rare  in  New  Zealand ;  a  few  occur  up  the  deep  fjords  of  the  soutli 

coast,  and  some  few  small  ones  at  the  head  of  the  valleys  in  the 

!|ti. '  ranges.    Tet  the  Alps  of  New  Zealand  are  quite  as  bold  and  steep  as 

;i'' :.  of  Switzerland ;  their  ravines  are  even  more  numerous  and  deeper. 

passes  are  deeper  in  New  Zealand,  the  valleys  much  more  terracec 
the  mountains  on  the  whole  more  extensively  covered  by  loose  ddbrii 
in  Switzerland.  This  is  certainly  truer  of  Canterbury,  Nelson,  and 
borough,  than  of  Otago.  The  explanation  lies  in  the  fact  that  the 
of  New  Zealand  are  by  far  tlie  older.  They  have  been  exposed  t 
action  of  the  weather,  at  least  in  part,  since  the  Jurassic  period,  and 
of  the  larger  valleys  were  already  excavated,  almost  to  their  existing  i 
before  the  Oligocene  period.' 

The  smaller  islands  which  surround  New  Zealand  in  the  souti 
south-east  have  a  very  varied  structure.  Such  observations  as  exist 
them   have   been  brought  together  by   Meinicke   and   Hutton^. 

pp.  39-48.  In  this  work  some  remarkable  observations  are  recorded  on  the  past 
the  stalk  of  Macrotaeniopteris  through  several  beds  of  sand ;  this  suggests  that  w 
here  have  beds  of  aeolian  origin.  In  the  interior  of  the  chain  also  the  BjntaziB  d( 
take  place  at  an  acute  angle,  for  at  the  northern  half  of  the  elbow-like  bend  q 
Wakatipu  M*Kay  observed  a  strike  from  north  to  south  (District  West  and  North  o 
Wakatipu,  tom.  cit.,  p.  118  et  seq.),  and  the  south-south-easterly  direction  occai 
on  lake  Te  Anau,  which  lies  on  the  boundary  between  ancient  schist  and  gnein 
Report  on  the  Geology  of  the  Te  Anau  District,  op.  cit.,  1877-1878,  p.  110  et  8eq.)< 
^  C.  E.  Meinicke,  Die  kleinen  Inseln  im  Sflden  und  Stldosten  von  Nen-8c 
Peterm.  Mitth.,  1872,  XVIII,  pp.  222-226  ;  F.  W.  Hutton,  On  the  origin  of  the 
and  Flora  of  New  Zealand,  Ann.  Mag.  Nat.  Hist.,  1884,  5th  ser.,  XIII,  pp.  425-44 
1885,  5th  ser.,  XY,  pp.  77-107 ;  in  particular  in  the  latter  part,  p.  80  et  seq. 
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Dothing  in  the  nature  of  a  general  view  can  be  gained  from  these  widely 
separated  localities,  the  following  brief  account  may  suffice. 

From  the  Snares  islands  Armstrong  obtained  basalt,  decomposed  quartz 
porphyry,  and  jasper.  Atickland  island,  according  to  Hector,  consists  of 
granite.  Tertiary  sandstone,  and  volcanic  rocks:  this  accords  with  the 
specimens  collected  by  Armstrong.  On  Macquarie  island,  Scott  found 
greenstone  and  amygdaloids  with  mesotype'  and  analcime.  Ca/mpbell  island, 
according  to  Hector,  presents  blue  slates  and  limestone  which  resemble  the 
older  Mesozoic  rocks  of  New  Zealand,  as  well  as  Cretaceous  vnth  flint,  and 
volcanic  rocks  ^.  The  Antipodes  islands  consist  of  dolerite  and  phonolite. 
Bounty  island,  according  to  Norman,  appears  to  consist  of  granite.  On 
Chatham,  island,  according  to  Haast  and  Travers,  mica-schists,  Miocene 
limestone,  and  volcanic  rocks  occur  ^. 

2.  Australia,  An  ancient  folded  range  accompanies  the  whole  of  the 
eastern  coast  of  the  Australian  continent.  It  rises  in  Tasmania  in  wild 
highlands  covered  with  great  lakes,  projects  from  Bass  strait  in  the  form 
of  numerous  islands,  and  on  the  other  side,  in  the  south-east  of  Australia, 
attains  its  loftiest  summit,  over  7,000  feet  in  height  ^.  It  proceeds  along 
the  east  coast,  rises  in  lat.  17''  30'  S.  to  over  5,000  feet  in  the  Bellenden 
Ker,  and  then  decreases  considerably  in  height.  We  shall  find  traces 
of  it,  however,  up  to  the  extreme  north  of  York  peninsula  and  across 
Torres  strait. 

This  great  folded  range  may  be  followed  through  34^  degrees  of  latitude, 
but  its  southern  end,  at  South  cape  in  Tasmania,  is  defined  by  a  fracture, 
and  its  northern  end  is  not  known.  It  bears  no  general  name ;  following 
Clarke,  who  has  done  so  much  for  our  knowledge  of  Australia,  we  will  speak 
of  it  as  the  AvMtralian  cordillera.  This  name,  however,  ceases  to  be 
applicable  to  some  of  the  elements  into  which  it  breaks  up,  though 
these  are  closely  connected  among  themselves.  In  the  southernmost 
part  of  the  continent  the  cordillera  sends  oflf  a  hilly  range,  which  curves 
first  in  an  arc  and  then  runs  from  east  to  west  through  Victoria. 
Selwyn  and  others,  however,  showed  long  ago  that  even  in  this  eaat 
to  west  ridge  the  foldings  present  the  same  north  and  south  strike  as  on 

^  Filhors  statements  as  to  the  age  of  the  limestone  in  Campbell  island  are  unfor- 
innately  so  contradictoiy  that  I  mnst  refrain  from  making  use  of  them;  H.  Filhol, 
Mission  de  Tfle  Campbell :  Constitution  g^ologique  de  llle,  Compt.  Rend.,  1876,  LXXXIY, 
pp.  202-205,  and  Rapports  g^ologiques  et  zoologiques  de  Hie  Campbell  avec  les  terres 
aostiales  avoisinantes,  op.  cit-,  1882,  XCIV,  pp.  563-565. 

'  In  the  Tertiary  deposits  of  Chatham  island  Hntton  recognizes  the  Pare6ra  system  of 
New  Zealand ;  Quart.  Joum.  GeoL  Soc,  1885,  XLI,  p.  209. 

'  K  v.  Lendenfeld  gives  mount  Townshend  with  a  height  of  7,256  feet  as  the  highest 
point,  whereas  its  neighbour  mount  Kosciusko  or  Mueller's  peak  (7,176  feet  according  to 
Neomayr)  is  usually  so  regarded ;  Lendenfeld,  The  Glacial  Period  in  Australia,  Proc. 
linn.  Soc.  N.S.W.,  Sydney,  1886,  X,  p.  47. 
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the  east  coast,  so  that  here  the  coarse  of  the  range  is  perpendicular  to 
its  structure  \ 

Broad  plains  succeed  the  cordillera  on  the  west ;  then  comes,  north  of 
the  Darling  river,  a  mountainous  tract,  formed  by  Barrier  range  and  Qrey 
range,  which  also  runs  north  and  south.  This  is  again  followed  by  lowland, 
and  then  we  meet  the  much  more  important  chains  situated  on  the  east,  in 
part  also  on  the  west,  of  Spencer  gulf,  lake  Torrens,  and  lake  Eyre.  To 
the  west  of  these  chains  is  a  broad  table-land  which  extends  as  far  as  the 
west  coast  of  the  continent. 

The  south-western  part  of  this  table-land  is  formed  of  granite  and 
gneiss,  with  an  undulating  surface,  and  along  the  coast  it  breaks  off  in 
a  long  scarp.  This  scarp  is  known  in  the  south  as  the  Darling  range, 
Gregory,  in  his  laborious  explorations,  traced  it  for  more  than  nine 
degrees  of  latitude,  from  cape  Beaufort  in  Flinders  bay  up  to  the  river 
Qascoyne.  In  the  south  it  presents  a  steep  face,  800  to  1,200  feet  high  for 
more  than  four  degrees  of  latitude,  while  at  a  greater  distance  from  the 
sea  the  table-land  i:eaches  a  height  of  1,400  to  2,000  feet.  At  the  foot  of 
the  scarp  lies  a  strip  of  flat  land  with  rare  extrusions  of  basalt,  and  in  front 
of  this  again,  in  the  extreme  south,  another  gneiss  zone  running  from  cape 
Leeuwin  to  cape  Naturaliste.  Further  to  the  north,  from  about  lat.  31**  S. 
a  narrow  gneiss  zone  again  appears  in  front  of  the  scarp ;  it  recedes  from 
the  latter  more  and  more  to  the  north-north-west,  including  in  this  manner 
the  coal-field  on  the  river  Irwin.  The  same  zone  of  gneiss  reappears 
between  the  river  Qreenough  and  Murchison.  It  is  possible  that  it  forms 
Edel  land  and  the  regions  around  Shark  bay  \ 

The  section  which  Gregory  has  drawn  from  west  to  east  in  lat.  25''  15^  S. 
represents  the  table-land  as  consisting  of  gneiss  and  granite  overlaid  by 
metamorphic  schists ;  while  to  the  west  of  it  lies  a  Palaeozoic  series  from 
which  Carboniferous  fossils  have  been  obtained,  and  this  is  covered  by 
Mesozoic  beds  with  Ammonites  and  Trigonias.  Since  these  observations, 
Huddlestone  has  shown  that,  according  to  the  collections  made  by  Forrest, 
a  great  zone  of  Carboniferous  limestone  may  be  recognized  on  the  Kennedy 
range  as  far  as  lat.  24i°  S.,  which  extends  west  of  the  ancient  rocks  towards 
the  north :  the  Mesozoic  fossils  of  western  Australia  have  been  examined 
by  Moore  and  Neumayr.  According  to  Neumayr's  results  only  a  part  of 
the  middle  Jurassic,  the  zone  of  Stephanoceraa  Humphriedanumy  can  as 
yet  be  definitely  shown  to  exist  here  or  elsewhere  in  Australia.  The  zone, 
however,  recalls  in  a  truly  astonishing  manner  the  corresponding  beds  of 

»  A  R.  C.  Selwyn,  Geology  of  the  Colony  of  Victoria,  in  *  The  Colony  of  Victoria  in 
Australia,  its  Progress,  Resources,  &c.,*  published  for  the  International  Exhibition  in 
London,  1862,  8vo,  Melbourne,  1861,  p.  185. 

*  F.  T.  Gregory,  On  the  Geology  of  a  Part  of  Western  Australia ;  Quart  Joum.  Geol. 
Soc,  1861,  XVII,  pp.  475-483. 
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Europe.  The  general  characters  of  all  the  species  are  similar,  and  some  of 
them  are  identical ;  even  the  nature  of  the  rock,  which  is  a  reddish-brown 
oolite,  is  the  same.  The  beds  overlying  this  zone  have  afforded  a  number 
of  upper  Cretaceous  species  which  have  been  described  by  Moore  \ 

We  may  consider  the  long  face  of  the  table-land  to  which  the  Darling 
range  belongs  as  a  fault  scarp,  and  the  Carboniferous  and  Mesozoic  beds, 
which  lie  in  front  of  it  on  the  west,  as  downthrown  zones.  This  is  an 
interpretation  which  in  many  similar  cases  elsewhere  has  alone  proved 
capable  of  explaining  all  the  facta 

The  surface  of  the  table-land,  as  far  as  it  is  known,  consists  only  of 
granite,  gneiss,  and  ancient  schists,  and  is  widely  covered  with  sandstone. 
The  sandstone  contains  no  fossils,  and  its  beds  occupy  a  very  large  part  of 
the  interior.  We  will  call  it  with  Daintree  the  Desert  aaruistone.  Forrest, 
who  penetrated  into  the  interior  from  the  west  coast  in  lat.  29''  S.  nearly 
as  far  as  long.  129''  E.,  also  encountered  nothing  but  granite  and  sandstone. 

The  south  coast  of  Australia  is  particularly  characterized  by  the  large 
part  taken  by  marine  Tertiary  beds  in  its  formation.  Clarke  has  emphasized 
the  remarkable  fact  that  while  marine  Tertiary  sediments  occur  with  so  great 
an  extension  on  the  south  coast,  yet  so  far  not  a  trace  of  such  deposits  has 
been  met  with  on  the  east  coast  in  its  course  from  cape  Howe  to  cape  York,  or 
on  that  side  of  the  Australian  continent  which  is  known  in  greatest  detail  ^. 

All  these  Tertiary  beds  are  horizontal ;  their  upper  limit  lies  only  a  few 
hundred  feet  above  the  sea ;  the  fossils  they  contain  show  that  they  are  of 
various  age.  The  lower  beds  contain  very  few  species  known  to  occiu: 
in  the  existing  seas.  The  Australian  palaeontologists  have  attempted,  in 
spite  of  Duncan's  objections,  to  apply  the  European  terms  Eocene,  Miocene, 
and  Pliocene  to  the  various  subdivisions,  according  to  the  percentage  of 
existing  species  they  contain  ^ 

In  the  Great  bight,  in  the  St.  Vincent  gulf,  and  in  the  fluvial  region 
of  the  Murray,  these  deposits  penetrate  far  into  the  continent.  Tate  has 
given  an  instructive  account  of  their  mode  of  occurrence  in  the  Great 
bigfU;  to  this  I  am  indebted  for  the  following  account*: — 

^  W.  H.  Huddleston,  Notes  on  a  Collection  of  Fossils  and  of  Rock-specimens  &om  West 
Australia,  -North  of  the  Grascoyne  River,  Quart.  Joum.  Geol.  Soc,  1883,  XXXIX,  pp. 
582-595,  pi. ;  C.  Moore,  On  Australian  Mesozoic  Geology  and  Palaeontology,  op.  cit., 
1870,  XXVI,  pp.  226-263,  pL ;  M.  Neumayr,  Die  geographische  Verbreitung  der  Jura- 
formation,  Denkschr.  k.  Akad.  Wiss.  Wien,  1885,  L,  p.  117  et  seq. 

'  Rev.  W.  B.  Clarke,  Remarks  on  the  Sedimentary  Formations  of  New  South  Wales, 
illustrated  by  References  to  other  Provinces  of  Australia,  4th  ed.,  8vo,  Sydney,  1878, 
p.  7  et  passim. 

•  A  summary  is  given  by  J.  E.  Tenison  Woods,  Physical  Structure  and  Geology  of 
Australia ;  Proc.  Linn.  Soc.  N.S.W.,  1883,  VII,  p.  380  et  seq. 

*  R.  Tate,  The  Natural  History  of  the  Country  around  the  Head  of  the  Great  Australian 
Bight;  Trans,  and  Proc.  and  Rep.  Phil.  Soc,  Adelaide,  South  Australia,  for  1878-1879, 
8to,  Adelaide,  1879,  pp.  94-128,  pi. 
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The  great  Tertiary  plateau  is  framed  round  by  granite,  gnein,  and 
ancient  schists.  These  rocks  are  seen  in  the  west  near  Culver  point  (long. 
124°  45'  E.),  in  the  interior  of  the  country  near  Boundary  Dam  (III 
29''  20'  S.,  a  little  to  the  west  of  long.  129*  E.),  then  in  the  east  netf 
Coldea  waters  (long.  181**  50'  81"  E.,  lat.  80'  20'  S.),  and  near  Pidinga 
(long.  82"  r  11"  E.,  lat.  80'  10'  25"  S.).  They  reach  the  coast  near  FowWb 
bay  (between  long.  182'  and  188'  E.).  They  also  form  the  foundation  of 
the  whole  of  Eyre  peninsula,  which  is  surrounded  only  by  a  narrow  border 
of  recent  marine  sediment. 

Within  this  outer  frame  stands  the  plateau  which  reaches  the  sea  in 
a  gentle  curve  between  Culver  point  and  Fowler's  bay,  thus  forming  the 
inner  limit  of  the  Great  bight. 

From  Culver  point  for  about  a  hundred  miles  to  the  north-east  the 
southern  edge  of  the  plateau  forms  a  wall  descending  vertically  into  the 
sea ;  then  the  edge  recedes  a  little,  a  flat  known  as  Roe's  plains  lies  in  front 
of  it,  and  the  clifl*  bears  the  name  of  Hampton  range ;  at  Wilson's  bluff  near 
Eucla  (long.  129'  E.)  it  once  more  reaches  the  sea,  and  from  here  to  the 
head  of  the  Great  bight  (long.  181'  E.)  it  again  forms  a  vertical,  often 
indeed  overhanging  wall,  which,  bordered  by  no  intervening  flat  land, 
plunges  directly  into  the  sea.  This  is  the  well-known  Bunda  cliffs.  From 
the  head  of  the  Great  bight  up  to  Fowler's  bay,  sand  dunes  and  recent 
marine  deposits  rest  against  the  cliff*,  and  in  great  part  conceal  it  from 
sight. 

The  great  tabular  Tertiary  mass,  bounded  in  this  fashion,  is  named  by 
Tate  the  Bunda  plateau  \  on  the  maps  a  part  of  it  is  known  as  the 
Nvllabor  plain. 

The  Bunda  clifis  at  their  western  end  are  250  feet  high,  at  the  eastern 
only  155  feet.  They  reveal  three  groups  of  strata;  at  the  top  a  bed  of 
hard  limestone,  brown,  grey,  or  reddish  in  colour,  beneath  this  loose  yellow 
Polyozoan  limestone,  and  finally  a  white  chalky  rock,  with  strings  of  dark 
flint,  which  presents  much  resemblance  to  the  white  chalk  of  EIngland. 
This  lowest  member  has  the  greatest  thickness.  Near  Eucla  the  upper 
limestone  is  50  feet  thick,  the  Polyzoan  limestone  12  feet,  and  all  the 
remainder  is  included  in  the  lowest  stage.  All  the  members  belong  to 
the  oldest  division  of  the  Australian  Tertiary. 

The  upper  limestone  forms  the  entire  surface  of  the  Bunda  plateau. 
It  is  an  exposed  sea  floor.  No  tree,  no  water,  no  valley  is  anywhere  to 
be  seen.  Caves  run  through  the  rock ;  red  clay,  residual  from  solution, 
covers  the  lower-lying  places.  It  is  a  desert  *karst'  land,  and  many 
a  moving  tale  is  told  of  the  privations  and  sufferings,  sometimes  only 
ended  by  death,  of  travellers  who  have  ventured  upon  this  vast  plain 
without  sufficient  provision  against  its  dangers. 

The  Tertiary  deposits  which  appear  on  the  north  side  of  Kangaroo 


CH.ra]  AUSTRALIA  153 

island  in  Aldinga  bay,  and  about  a  great  part  of  St.  Vincent  golf,  were 
regarded  by  Tate  as  the  continuation  of  those  of  the  Bunda  plateau. 
They  rest  against  older  rocks  which  form  a  part  of  Yorke  peninsula,  and 
rise  north  of  cape  Jervis  in  long  ranges  running  north  and  south.  These 
ranges,  hitherto  unfortunately  but  little  investigated,  must  now  engage  our 
attention  ^ 

The  rocks  which  compose  them  are  all  of  great  age.  The  few  fossils 
hitherto  found  belong  to  the  lower  divisions  of  the  Silurian.  In  Eyre 
land  no  definite  general  strike  can  be  made  out.  On  Yorke  peninsula  the 
Silurian  is  known  to  occur.  A  long  and  uniform  range  commences  at 
the  northern  end  of  St.  Vincent  gulf:  this  is  Flivders  range.  The 
chain  runs  with  slight  curvature  along  the  east  side  of  lake  Torrens  up  to 
its  northern  end.  It  attains  a  height  of  3,000  feet.  Burr,  who  long  ago 
examined  the  country  around  mount  Arden  between  Spencer  gulf  and  lake 
Torrens,  makes  the  strange  assertion  that  crystalline  rocks  such  as  gneiss 
and  mica -schists  occur  higher  in  the  series  than  slates,  limestone,  and 
sandstone ;  Selwyn  does  not  express  any  decided  opinion  on  this  point,  and 
the  relations  of  the  beds  cfinnot  at  present  be  regarded  as  established. 

Mount  Norwest,  north  of  lake  Torrens,  forms  the  northern  end,  slightly 
deviating  to  the  north-west,  of  a  branch  of  Flinders  range.  Scoular 
encountered  here  ancient  purple  slates  and  projecting  ridges  of  quartzite. 

The  mountains,  of  very  inconsiderable  height,  slope  to  the  east  beneath 
a  broad  plain  of  clay,  containing  nodules  in  which  Mesozoic  fossils  are 
found ;  this  plain  surrounds  lake  Eyre  on  its  southern  side,  which  abounds 
in  springs.  The  impervious  clay  forms  the  bottom  of  the  numerous  salt 
lakes  of  this  region,  but  it  sometimes  contains  beds  of  sand  in  which 
drinkable  water  occurs.  It  follows  the  south-west  side  of  lake  Eyre;  to 
the  west  of  this  great  lake  slate  and  quartzite  again  crop  out  with 
a  steep  dip  and  form  Deniaon  range.  Here  also  a  well-marked  deflexion 
to  the  north-west  occurs.  Whether  this  range  is  to  be  regarded  as  an 
independent  structure,  or  as  the  continuation  of  mount  Norwest,  is  difficult 
to  determine,  owing  to  the  nature  of  the  country  ^. 

Let  us  now  return  to  the  sea. 

Adelaide  range  is  a  meridional  chain  which  comes  next  on  the  east. 
It  begins  at  cape  Jervis,  sends  off  two  little  branches  from  its  southern  end 
to  the  south*west,  and  then  trends  northwards  nearly  up  to  lake  Frome 
(lat.  31''  S.);  it  runs  parallel  to  Flinders  range  and  its  summits  attain 
approximately  the   same   height.     Still  further  to  the  east   lies  another 

^  The  best  summary  is  given  by  Tate,  Leading  Physical  Features  of  South  Australia : 
Anniversary  Address  of  the  President  to  the  Philosophical  Society  of  Adelaide  for  1878- 
1879,  torn,  cit.,  pp.  xli-lxxi. 

*  Gravin  Scoular,  Sketch  of  the  Geology  of  the  South  and  West  Parts  of  the  Lake  Eyre 
Badn ;  Trans.  Proc.  Roy.  Soc.  S.  Austr.,  Adelaide,  1887,  IX,  pp.  39-54,  map. 
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meridional  chain  formed  of  Barrier  and  Grey  ranges.  It  preaentB  moaai 
rocks  which  appear  to  be  the  same  as  those  abready  met  with.  Heie  we 
are  in  the  midst  of  a  very  extensive  region  of  marine  Cretaceous  sedimeDiB 
which  spread  from  Queensland  to  lake  Eyre  and  probably  far  beyond  it. 

I  do  not  propose  to  discuss  the  Tertiary  deposits  of  the  Murray  river  in 
detail ;  they  are  more  recent  than  those  of  the  Great  bight  and  are  referred 
to  the  Miocene.  Tenison  Woods  gives  600  feet  as  the  greatest  hei^t  at 
which  they  occur.  They  also  extend  on  the  south  coast  into  Baas  stndtt 
and  even  reach  the  southern  part  of  north  Qippsland.  There  also, 
according  to  Howitt,  the  greatest  height  they  attain  is  600  to  700  feet^ 
They  do  not  occur  beyond  cape  Howe. 

We  now  reach  the  region  of  the  Great  cordillera.  It  is  indeed  only 
a  continuation,  on  a  larger  scale,  of  the  same  system  of  parallel  chaios 
which  we  have  just  passed  in  review.  The  mass  of  the  mountains 
is  formed  of  granite  and  porphyry,  crystalline  schists,  Silurian  and 
Devonian  rocks,  all  intensely  folded,  standing  indeed  as  a  rule  neariy 
vertical.  The  strike  does  not  deviate  essentially  from  the  meridicHisi 
direction,  except  in  the  north,  where  it  becomes  north-north-west  The 
Carboniferous  lies  fairly  flat,  in  any  case  much  less  folded  than  the  rocks 
of  the  high  mountains,  and  all  the  younger  strata  may  be  r^arded  as 
horizontal. 

In  the  whole  region  of  the  cordillera  a  very  remarkable  gap  in  the 
series  of  marine  sediments  occurs  above  the  marine  Carboniferous  and 
extends  as  far  up  as  the  Cretaceous.  In  the  place  of  marine  formations 
a  diversified  series  of  plant-bearing  strata  appear,  among  which  some 
sandstone  beds  occur,  believed  to  be  of  aeolian  origin.  The  variety  of  the 
floras,  already  apparent  from  the  earlier  investigations  of  Feistmantel,  has 
l^een  brought  into  the  clearest  light  by  Tenison  Woods.  It  is  so  great  that 
we  may  hope  with  the  progress  of  these  studies  to  recognize  most  of  the 
iueinlH>rs  of  the  Indian  Gondw^na  series  in  the  region  of  the  Australian 
conlillera  -. 

It  is  a  remarkable  fact,  however,  that  the  flora  of  the  Gondw&na  series 
is  preceiloil  in  Australia  by  a  number  of  others  which  have  the  character 
of  the  Palaeozoic  floras  of  Europe.  The  most  important  which  in  the 
present  stat^)  of  our  knowleilge  can  be  distinguished  in  this  r^on  are  as 
follows : — 

(<i)  A  Devonian  flora  with  Lepidoiiemhx^n  nothum,  which  occurs  in 

^  A.  W.  Howitt,  Notes  on  tho  Physical  Geography  and  Geology  of  North  Gippsland, 
Victoria ;  Quart.  Joum,  Geol.  Soc.,  is79.  XXXV,  p.  40. 

*  Otto  Feistinantel.  Die  ^Hiliioioische  und  mesozoische  Floia  des  Mlicfaen  Aostialien, 
PlalAontogiaphica*  Suppl.  III.  Lief.  3,  1S78-1S79:  and  J.  £. Tenison  Wooda,  On  the  foMil 
Flom  of  tlio  Coal  Depoeits  of  Australia,  Proo.  Linn.  Soc.  N.S.W.  for  1883,  VIII,  1884, 
pp.  87-167.  pi. 
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ThuriBgia  in  the  upper  strata  of  the  Cypridina  shales,  that  is  to  say  in 
the  upper  part  of  the  Devonian  of  Germany;  it  is  also  known  in  the 
Devonian  of  Canada.  Carruthers  was  the  first  to  point  out  this  corre- 
spondence^. Species  of  the  genera  Cordaites,  Sigillaria,  Archaeopteris, 
and  others,  are  recorded  from  the  same  horizon. 

{b)  A  flora  which  corresponds  with  the  European  Cuhn.  Lepidodendron 
VeUhevmianwra  was  recognized  by  Crepin  many  years  ago  among  Aus- 
tralian fossils.  Catamites  radiatus,  CycloetigTna  auetrale,  Feistmantel 
(which  this  author  admits  he  can  scarcely  distinguish  himself  from  the 
Irish  Cycloetigma  KUtorkenae),  Rhacopterie  inaequUatera,  and  others  also 
occur*. 

(c)  After  the  Culm  flora  the  striking  correspondence  with  the  floras  of 
the  northern  hemisphere  is  interrupted  for  a  long  period,  and  strata  with 
Oloeaopteria  Browniana  rest  upon  the  lower  Carboniferous  limestone ;  they 
Afford  evidence  of  a  glacial  period ;  in  the  morainic  accumulations  of  this 
epoch  gold  has  been  found  in  places.  These  beds  correspond  with  the 
Talchir  deposits  of  India. 

(d)  Above  the  marine  beds  which  overlie  these  glacial  deposits — the  last 
marine  beds  of  the  cordillera  till  the  Cretaceous  is  reached — various  plant- 
bearing  deposits  occur  which  in  their  lower  part  still  afford  Glossopteris ; 
they  include  the  chronological  equivalents  of  the  Trias  and  the  Rhaetic. 
Whether  the  equivalents  of  the  Permian  are  also  to  be  placed  here  must 
remain  for  the  present  uncertain. 

(e)  An  extensive  and  important  series  of  strata  characterized  by  the 
genera  Thinnfeldia  and  Taeniopteris  includes  the  Jerusaletti  beds  of 
Tasmania  and  the  Clarence  beds  of  New  South  Wales;  it  is  also  well 
represented  on  the  east  coast  of  Queensland. 

We  shall  return  to  this  non-marine  series  later.  The  deposits 
immediately  succeeding  are  much  more  recent;  they  are  marine,  and 
according  to  Neumayr's  investigations  correspond  approximately  to  the 
Aptian  stage  of  the  Cretaceous  system. 

The  inhospitable  highlands  of  Tasmania  are  a  fragment  of  the 
Australian  cordillera.  The  greater  part  forms  a  table-land  about  4,000  feet 
high,  which  is  cut  up  by  valleys.  To  the  east  it  breaks  off  sharply  along 
the  coast.  Strzelecki  laid  the  foundation  of  our  knowledge  of  the  island ; 
his  results  have  been  supplemented  by  later  works  ^.    The  rocks  are  the 

^  W.  Carruthers,  Notes  on  Fossil  Plants  from  Queensland,  Australia;  Quart.  Joum. 
GeoL  Soc.,  1872,  XXVIII,  pp.  350-354,  pi. 

'  Tenison  Woods,  A  Fossil  Plant-Formation  in  Central  Queensland ;  Joum.  Roy.  Soc. 
N.S.W.  for  1882,  XVI,  1883,  pp.  179-192,  pi. 

'  P.  E.  de  Strzelecki,  Physical  Description  of  New  South  Wales  and  Van  Diemen's 
Land,  8to,  London,  1845 ;  Tenison  Woods,  A  Physical  Description  of  the  Island  of 
Tasmania,  Trans.  Roy.  Soc,  Victoria,  Melbourne,  1883,  XIX,  pp.  144-166.  On  the 
iratershed  between  the  river  Tamar  and  Port  Sorel  river  the  strike  diverges  considerably 
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same  as  those  composing  the  Cordillera  on  the  mainland  of  Australia^  bat 
eruptive  greenstones  belonging  to  the  later  part  of  the  Meaosoic  period 
occur  here  in  greater  profusion.  Granite,  ancient  crystalline  schiBts,  and 
Silurian  beds  are  exposed  in  steeply  upturned  zones  with  a  north  and 
south  strike;  the  Carboniferous,  of  marine  as  well  as  extra-marine 
development,  lies  flat  upon  them ;  then  follow  more  recent  plant-bearing 
beds;  the  horizon  with  Thinnfeldia  is  also  represented,  and  all  these 
deposits  are  surmounted  by  sheets  of  greenstone,  which  form  a  large  part 
of  the  surface  of  the  table-land.  Marine  beds  of  the  Mesozoic  period  are 
entirely  absent;  Tertiary  marine  deposits  corresponding  to  those  of  the 
Great  bight  are  known  on  the  north  coast  at  a  trifling  height  above 
the  sea.     Tertiary  basalts  occur  both  in  the  north  and  south  of  the  island 

The  rocks  of  the  cordillera,  locally  overlain  by  Tertiary  beds,  now  fonn 
the  islands  of  Bass  strait,  and  if  we  follow  their  strike  to  the  mainland  we 
reach  the  Audralian  Alps,  the  highest  part  of  the  cordillera.  'EL  v(hi 
Lendenfeld  has  described  their  structure  in  detail.  Although  in  the  south- 
east of  Australia  the  principal  range  of  mountains  bends  through  an  arc 
into  an  east  and  west  direction,  yet  the  structure,  as  we  have  previously 
observed,  does  not  correspond  with  this  direction.  It  is  evident  from 
R.  von  Lendenfeld's  description  that  the  arc  breaks  up  into  a  number  of 
transverse  chains  running  meridional  ly  or  converging  slightly  to  the  soutii; 
these  show  the  true  strike  of  the  steeply  upturned  zones  of  granite,  gneiss, 
and  Silurian  in  this  region.  In  the  Bogong  mountains  there  oocnrs  in  addi- 
tion an  extensive  eruptive  mass  of  a  basic  rock,  probably  of  Devonian  age. 

The  tectonic  trend-lines  are  slightly  convex  towards  the  east  and 
indicate  folding  from  the  west.  This  folding  is  older  than  the  Carboni* 
ferous  ^. 

The  mountains  proceed  with  the  same  structure  from  the  east  of 
Victoria  to  New  South  Wales,  running  fairly  parallel  with  the  coast,  which 
descends  rapidly  to  a  depth  of  more  than  2,000  fathoms.    The  geological 

from  the  meridian  (N.  20''-30°  W) ;  Norman  Taylor,  Notes  on  the  Geology  of  the  West 
Tamar  District,  Tasmania,  Trans,  and  Proc.  Roy.  Soc.  Victoria,  1880,  XVI,  p.  156. 
Many  observers  mention  faults  in  Tasmania.  Harrison  writes  on  the  region  between  the 
Derwent  and  mount  Wellington  as  follows :  *  As  a  very  homely  illustration  we  may 
suppose  a  set  of  wooden  cubes  to  be  laid  out  upon  a  yielding  foundation,  say  a  sofa 
cushion,  so  that  the  surface  of  the  whole  represents  a  perfectly  level  superficiea  Anon, 
and  some  disturbing  force  changes  the  horizontal  plane  of  each  cube  into  a  gently  sloping 
incline,  and  forms  at  every  joint  a  diminutive  escarpment.  If  we  can  only  imagine  that 
some  molten  substance,  such  as  wax.  has  been  forced  through  the  various  interstices 
from  beneath,  so  that  its  overflow  partially  fills  up  the  miniature  valleys,  we  shall  have 
a  model  representation  of  Hobart  Town  with  its  sandstones,  dislocations,  and  eraptive 
rocks ;  **  T.  Harrison,  Notes  on  the  Geology  of  Hobart  Town,  Trans.  Proc.  Roy.  Soc, 
Victoria,  VI,  1865,  p.  133. 

^  R.  V.  Lendenfeld,  Forschungsreisen  in  den  Australischen  Alpen;  Peterm.  Mitth., 
Ergftnsungsheft,  Nr.  87,  1887,  37  pp.,  maps. 
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map  of  New  South  Wales  by  Clarke  and  Wilkinson  shows  that  nearly 
meridional  zones  of  granite  and  steeply  folded  Silurian,  accompanied  by 
a  number  of  similar  zones  of  Devonian  and  ancient  porphyry,  form  the  east 
coast  nearly  up  to  Bateman's  bay  in  lat.  2''  35'  iff'  S. ;  from  this  point  to 
the  north,  their  eastern  border,  following  approximately  the  meridian  of 
long.  \b(f  K,  recedes  further  and  further  from  the  coast ;  north  of  Mudjgee 
on  the  watershed  between  the  Hunter  river  and  the  Macquarie  in  about 
lat.  82''  10'  S.,  the  whole  cordillera,  still  directed  north  and  south,  disappears 
beneath  flat-lying  Carboniferous  beds  ^ 

While  the  zone  is  covered  in  transgression  by  the  Carboniferous,  there 
crops  out  to  the  east  of  it,  in  nearly  the  same  latitude,  along  the  Manning 
river,  on  the  north  border  of  the  same  overljdng  Carboniferous,  another 
great  zone  of  granite  and  Silurian,  also  striking  north  and  south,  which 
very  nearly  coincides  with  the  New  England  range  and  runs  northwards 
to  Queensland.  The  cordillera  thus  consists  here  of  two  folded  ranges, 
which  alternate  with  each  other;  both  strike  with  the  meridian.  The 
range  coming  from  the  south  lies  between  long.  148*'  and  \b(f  E.  and 
disappears  before  it  hss  reached  lat.  32""  S. ;  the  range  running  to  the  north 
b^ins  in  lat.  32''  S.  and  its  central  part  lies  between  long.  151''  and  152°  E. 
The  Carboniferous  formation  surrounds  the  end  of  one  and  the  beginning 
of  the  other  range,  and  extends  along  the  coast  from  lat.  35"^  40^  S.  to 
beyond  Port  Macquarie,  i.  e.  to  beyond  lat.  31°  30^  S.  More  recent  plant- 
bearing  beds  overlie  it  in  the  south. 

In  this  intermediate  region  of  horizontal  beds  Sydney  is  situated,  and 
the  most  important  coal-measures  of  the  colony  occur  here ;  these  are  the 
Glossopteris  beds.     The  river-basin  of  the  Hunter  belongs  to  this  region. 

Let  us  again  turn  our  attention  to  that  folded  range  which  begins  m 
lat.  32°  S.  with  the  New  England  range.  Daintree's  excellent  description 
of  Queensland  well  enables  us  to  recognize  its  peculiar  features  ^.  In  the 
north  part  of  New  South  Wales  this  range  consists  of  folded  lower 
Palaeozoic  beds  through  the  midst  of  which  rise  high  granite  mountams. 
Towards  the  north  the  granite  seems  to  disappear;  Devonian  beds  form 
the  greater  part  of  the  range  and  an  extremely  long  band  of  Devonian 
forms  the  continuation  of  the  mountainous  zone,  following  the  course  of 
the  coast  with  a  gentle  curvature  up  to  Shoalwater  bay,  i.  e.  to  beyond 
lat.  22°  30'  S.    According  to  existing  accounts  this  chain  thus  extends 

^  G^logical  Sketch-Map  of  New  South  Wales,  compiled  from  the  Original  Map  of  the 
late  Bey.  W.  B.  Clarke  by  C.  S.  Wilkinson ;  contained  in  Ann.  Rep.  Dep.  Mines,  N.S.W., 
for  1880,  4to,  Sydney,  1881.  According  to  Clarke  (Remarks,  &c.,  p.  18)  the  tin-bearing 
granite  of  Queensland  and  New  South  Wales  is  of  Devonian  age,  and  consequently  much 
younger  than  the  other  granite. 

*  R.  Daintree,  Notes  on  the  Geology  of  Queensland,  Quart.  Joum.  GeoL  Soc.,  1872, 
XXYIII,  pp.  271-317,  map ;  R.  Etheridge,  Description  of  the  Palaeozoic  and  Mesozoic 
Foeails  of  Queensland,  tom.  cit.,  pp.  317-359,  pi. 
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from  the  parallel  of  82''  S.,  through  9^  degrees  of  latitude,  to  the  north. 
Its  opposite  slopes  are  formed  of  different  sediments.  On  the  east  aide 
towards  the  sea  there  lies  an  almost  continuous  zone  of  MesoBoic  plant- 
bearing  beds,  which  begins  in  lat.  SO"*  S.  in  New  South  Wales  and  extends 
to  beyond  lat.  25*  S.*  This  is  the  chief  region  of  the  Thinnfeldia  beds, 
and,  as  we  see,  this  important  area  of  deposition  lies  outside  that  of  tite 
coal-measures.  On  the  west  side  of  the  mountains,  however,  lies  a  long 
sone  of  Carboniferous  deposits.  It  has  afforded  marine  fossils  of  the 
Carboniferous  limestone  and  plants  of  the  Culm.  The  beds  are  thrown 
into  very  broad  undulations.  This  zone  extends  from  the  head  waters  d 
the  Hunter  along  the  west  side  of  the  New  England  range,  and  Daintree 
has  traced  the  great  outliers  running  parallel  to  the  coast  which  form  its 
prolongation  even  as  far  as  between  lat.  21''  and  20"*  S.  These  onUiers  of 
the  extreme  north  are  situated  in  a  granite  region  to  which  we  shall  refer 
presently. 

The  Cordillera  slopes  to  the  west,  beneath  the  desert  sandstone  and  the 
marine  Cretaceous  deposits.  These  form  the  soil  of  the  deserts  of  the 
interior  up  to  the  gulf  of  Carpentaria  and  far  away  to  the  west,  only 
interrupted  here  and  there  by  ridges  of  granite  or  Palaeozoic  sediments. 
At  one  locality,  however,  near  Maryborough  in  lat.  25*  8(y  S.,  a  little  outlier 
of  marine  Creta>ceous  appears  on  the  east  side  of  the  range  resting  on  the 
Mesozoic  plant-bearing  beds. 

The  chain  which  begins  with  the  New  England  range,  terminates  as  we 
have  seen  at  Shoalwater  bay:  it  consists  here  of  folded  Devonian.  It 
forms  the  middle  part  of  the  Australian  coast  which  projects  furthest  to 
the  east.  In  its  northern  part  a  strike  of  N.  SO""  W.,  corresponding  to  the 
course  of  the  coast,  has  been  observed  in  places.  On  the  west  side  of 
Broad  sound  a  great  ridge  of  granite  rocks  crops  out  to  the  west  of  this 
Devonian  range.  Just  as  the  long  anticlinals  of  a  folded  range  replace 
each  other  alternately,  so  apparently  do  these  several  zones.  On  the 
southern  part  of  this  granite  range  lie  the  most  northerly  patches  of 
the  Carboniferous  zone ;  some  Devonian  and  Silurian  accompany  the  range 
in  the  west  towards  the  plain,  but  from  lat.  22"  S.  to  the  north  the  whole 
coast,  as  far  as  it  is  known,  is  formed  of  granite  rocks.  In  this  region  the 
mountains  have  lost  considerably  in  height.  The  desert  sandstone 
encroaches  steadily  upon  them  from  the  west. 

Eattray  has  described  the  desert  land  around  cape  York.  The  granite 
mountains  extend  along  the  east  coast  to  the  north;  cape  Melville 
(lat.  14"  15'  S.),  cape  Direction  (lat.  12"  50'  S.),  then  Weymouth  cape.  Fair 
cape,  and  others,  consist  of  granite ;  the  extremity  of  the  peninsula  is  of 

^  The  louth  part  of  the  Clarence  river  is  described  bj  Stephens,  Notes  on  the  Geology 
of  the  Southern  Portion  of  the  Clarence  River  Basin ;  Proc.  Linn.  Soc.  N.S.W.  for  1888, 
VIII,  1884,  pp.  519-531. 
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porphyry.  The  desert  sandatone  forms  the  subsoil  far  and  wide;  on  the 
island  of  Albany  it  reaches  the  sea.  A  red  deposit  resembling  laterite 
rests  upon  it  over  large  areas  ^. 

The  islands  and  reefs  of  Torres  strait  consist  in  no  small  part  of 
granite,  and  form  the  continuation  of  the  Cordillera  towards  New  Guinea. 

According  to  the  observations  hitherto  made,  the  folded  ranges  of  the 
Australian  continent  are  parts  of  a  mountain  system  distinguished  by 
common  characters.  They  are  all  more  or  less  meridional,  or  so  arranged 
that  with  a  slight  deviation  from  the  north  and  south  direction,  such  as 
occurs  for  instance  in  north  Queensland,  they  form  as  a  whole  an  arc 
alightly  convex  to  the  east.  They  are  older  than  the  Carboniferous  and 
in  Queensland  in  particular  older  than  the  Culm.  The  chains  rise  both  to 
east  and  west,  but  chiefly  to  the  east  of  the  line  of  depressions  which  is 
marked  by  lake  Eyre,  lake  Torrens,  and  Spencer  gulf.  The  first  is 
Flinders  range,  the  second  Adelaide  range,  the  third  Barrier  and  Qrey 
ranges,  the  direction  of  which  is  continued  far  in  the  north  by  McEinlay 
range;  the  last,  according  to  Daintree,  also  consists  of  ancient  rocks. 
There  now  follow,  to  the  east,  the  members  of  the  great  cordillera,  namely 
a  chain  which  runs  from  Tasmania  through  the  Australian  Alps  up  to  the 
Hunter  river  in  lat.  32°  S. ;  a  second  which  replaces  the  first  in  lat.  32''  S., 
east  of  the  Hunter,  and  strikes  parallel  to  the  coast  up  to  about  lat. 
22""  30^  S. ;  finally  a  third  which  follows  and  replaces  the  second  on  the 
west  side  of  its  northern  end,  then  decreases  in  height  and,  directed  to 
the  north-north-west,  extends  beyond  cape  York  through  the  islands  of 
Torres  straits  to  New  Guinea. 

The  volcanic  formations  have  not  yet  been  mentioned,  although  they 
play  no  inconsiderable  part  in  the  structure  of  the  cordillera.  There  is 
here  no  question  of  those  older  eruptive  rocks  which,  within  the  folded 
Palaeozoic  series  and  in  unmistakable  association  with  the  auriferous 
deposits,  have  played  such  an  important  part  in  these  countries,  but  we 
are  concerned  with  the  much  more  recent  lavas  of  middle  Tertiary  or  even 
later  age.  These  are  exclusively  basic.  On  the  higher  parts  of  the 
cordillera  and  its  slopes,  from  Tasmania  through  Victoria,  New  South 
Wales,  and  Queensland,  many  basaltic  streams  and  sheets  are  visible, 
resting  in  places  on  leaf -bearing  beds  which  cannot  be  older  than  the 
middle  Tertiary.  Daintree  has  shown  that  the  desert  sandstone  of  Queens- 
land rests  upon  lavas  of  this  kind.  At  the  same  time  it  must  be  borne  in 
mind  that  this  widely  extended  aeolian  formation  is  older  than  the  fauna 
of  the  great  marsupials,  such  as  Diprotodon  and  its  contemporaries,  which 
are  met  with  in  much  more  recent  breccias  and  in  the  erosion  valleys  of 
the  desert  sandstone. 

^  A.  Battray,  Notes  on  the  Geology  of  the  Cape  York  Peninsula,  Australia ;  Quart 
Joum.  GeoL  Soc.,  1869,  XXY,  pp.  297-305. 
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In  Queensland,  somewhat  north  of  lat  21**  S^  on  tiie  other  hand, 
a  number  of  eruptive  centres  occur  which  are  shown  to  be  of  recent  age 
by  the  complete  preservation  of  their  ash  cones ;  in  some  plftoes  their  lavas 
have  flowed  over  the  desert  sandstone.  Similarly,  volcanic  formations, 
still  bearing  their  ash  cones,  are  met  with  in  the  south,  as  in  that  part  of 
Victoria  where  the  direction  of  the  mountains  lies  transverse  to  the 
structure,  or  in  other  words  where  the  elevations  but  not  the  folds  are 
bent  round  towards  the  west.  These  volcanic  formations,  bearing  all  the 
external  signs  of  a  recent  date,  are  continued  through  the  south  of  Victoria 
to  the  west.  The  cone  of  mount  Gambier  is  superposed  on  horiaoDtal 
marine  beds  of  Tertiary  age;  Woods  has  described  it  in  detail ^  The 
remains  not  only  of  great  marsupials,  but  also  of  the  dingo,  have  been 
found  in  or  beneath  the  ashes  of  these  volcanos. 

Basic  volcanic  eruptions  have  thus  taken  place  in  the  oordillera  since 
the  Miocene  period,  and  in  the  north,  as  well  as  in  Victoria,  they  have 
lasted  up  to  a  very  recent  period. 

There  is  little  to  say  of  the  deserts  of  the  interior.  All  that  ente^ 
prising  travellers  have  seen  or  collected  in  these  inhospitable  regions  is 
granite,  which  appears  to  crop  out  at  the  surface  in  a  weathered  condition 
over  vast  areas;  ancient  schists;  some  exposures  of  marine  Mesozoic 
deposits;  and  a  vast  covering  of  desert  sandstone.  The  doubts  which 
liave  been  raised  as  to  the  presence  of  marine  Jurassic  beds  in  the  east 
of  the  country  have  already  been  mentioned ;  the  same  uncertainty  affects 
all  the  finds  hitherto  made  in  the  interior ;  the  Cretaceous  alone  can  be 
reganled  as  deiinitely  identitied.  This  certainly  extends  from  the  westeni 
slopes  of  the  Cordillera,  or  more  exactly  from  the  outlier  on  its  east  side 
near  MarylK)rough  in  Queensland,  to  mount  Stuart  in  Grey  range,  beyond 
this  ))ast  lake  Eyre,  to  the  north-west  nearly  to  the  gulf  of  Carpentaria, 
and  certainly  much  further  still  into  the  interior. 

The  explorers  who  have  entered  the  country  from  the  north-west  coast 
have  also  encouutennl  only  graiiit<3  and  desert  sandstone,  or  possibly  basalt 
as  well.  e.g.  on  tlio  Victoria  river.  True  Jurassic  fossils  are  not  obtained 
until  wo  ivach  the  Glenolg  river  between  lat.  15"  and  16*  S.;  this  was 
the  Kvality  assigiunl  to  the  specimens  sent  to  Europe  which  Neumayr 
di>sorilHHl ;  they  sliow  a  striking  corre8{x)ndence  with  the  species  collected 
by  lin^gK^ry  and  his  sucwssors  in  the  more  southerly  parts  of  the  west 
coast  ^.    Similar  do^x^siti^  have  as  yet  nowhere  been  met  with  in  the  centre 

*  J.  E.  W\HHi««  litH^ocrica)  OWnrationt  in  South  Austialuk  8to,  London,  1862,  p.  224 
ot  ioq. 

•  Nf!»uwii,Yr.  o|v  oit.  p.  140  ot  wsj.  IVpuoh  islana.  long.  117' 44' E.,  lat  20*  87' S., 
it  Mui  to  bo  A  )?Trat  acvuiuuUtion  of  block»  of  irrwnstone  rising  514  feet  high  above 
tii<^  d*!  coral  ivof  of  tho  neighlvurhoo^i :  Wickham.  Note  on  Depnch  Ul^i^^  Jouxil 
i;*%VT.  5hh\,  K<41\  XU.  pp.  7^  v^^ 
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or  east  of  Australia,  and  we  must  for  the  present  consider  these  remark- 
able sediments,  which  recall  so  strongly  the  Jurassic  deposits  of  Europe,  as 
eonfined  to  the  west  of  the  table-land . 

Let  us  now  cross  to  the  other  side  of  the  Pacific  Ocean,  within  the 
flame  parallels  of  latitude,  keeping  in  mind  the  results  we  have  obtained  in 
Australia  and  New  Zealand. 

On  the  western  border  of  the  Oran  Chaco  rise  a  number  of  lofty 
narrow  chains  composed  of  ancient  rocks  and  running  north  and  south: 
the  dip  of  the  beds  is  very  steep.  The  most  easterly  of  these,  near  the 
town  of  Cordoba,  as  for  instance  the  sierra  Ischilin,  sierra  de  Cordoba  and 
flierra  Cerezuela,  consist  of  granite,  gneiss,  and  Archaean  schists.  Further 
north  the  sierra  de  Aconquija,  formed  of  granite  and  gneiss,  and  a  large 
number  of  narrow  parallel  ranges  composed  of  Cambrian  and  Silurian 
beds  continue  this  system  of  meridional  sierras  as  far  as  Bolivia  (I,  p.  512). 
Farther  to  the  west  the  series  of  marine  formations  is  completed  by  the 
addition  of  mighty  Mesozoic  deposits.  Recently,  Mojsisovics  has  shown 
that  the  marine  Trias  also  occurs  in  the  northern  part  of  the  Andes,  as 
proved  by  the  specimens  found  by  Reiss  and  Strubel  in  Peru,  and  by 
lindig  in  Chaparal^ 

With  the  completion  of  the  Mesozoic  series  we  reach  the  great 
mountains.  Beyond  them,  there  lies  towards  the  west  the  deep  valley 
of  Chili,  then  the  singular  Coast  Cordillera,  and  last  the  Ocean. 

Now  let  us  cross  Australia,  but  instead  of  from  east  to  west  we  will 
take  an  opposite  course  and  travel  from  west  to  east. 

In  place  of  the  Oran  Chaco  or  the  Pampas,  there  lie  before  us  the 
deserts  of  Western  Australia ;  instead  of  the  lagoons  of  the  western  border, 
the  sheets  of  water  which  extend  from  Spencer  gulf  to  lake  Eyre ;  instead 
of  the  meridional  sierras  of  Cordoba  with  their  ancient  rocks,  we  have 
Flinders  range,  Adelaide  range.  Barrier  and  Orey  ranges ;  and  the  place  of 
the  other  parallel  chains  is  taken  by  the  alternating  members  of  the 
Australian  cordillera.  For  a  long  distance  the  further  extension  of  the 
continent  is  now  concealed  by  the  sea,  but  beyond  it,  in  New  Zealand, 
the  Mesozoic  series  is  completed,  the  marine  Trias  is  represented  together 
with  several  members  of  the  Jiurassic  system,  and  with  this  completion  of 
the  series  we  reach  the  great  ranges  and  at  the  same  time  a  region  of  much 
more  recent  folding  ^. 

Just  as  the  Argentine  sierras  on  the  border  of  the  great  plain  cannot 
be  separated  from  the  principal  range  of  the  Andes,  but  constitute  with  it 

'  E. Ton  Mqjsiflovics,  Arktische Triasfaonen;  M^m.  Acad.4mp.  ScL  Saini-P^tertb.,  1886, 
T  06r.,  XXXIII,  p.  151. 

*  On  the  greater  completeness  of  the  series  in  New  Zealand,  see  in  particular  Hector, 
The  Geological  Formations  of  New  Zealand  compared  with  those  of  Australia ;  Joum.  Roy. 
See.  N.aW.  for  1879,  XIII,  1880,  pp.  66, 67. 
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a  single  mountain  system  constructed  on  a  common  plan,  bo  all  the  chain 
from  Flinders  range  to  the  Australian  cordillera,  including  the  longer  of 
the  two  syntactic  mountain  segments  of  New  Zealand,  must  be  equaD^ 
regarded  as  parts  of  a  single  system  similarly  constructed  on  a  common 
plan. 

In  this  connexion  we  may  recall  the  remarkable  distribution  of  the 
marine  Tertiary  beds  which  border  the  south  coast  of  Australia,  enter  into 
the  transverse  subsidence  of  Bass  strait,  and  even  reach  the  soathem  pait 
of  North  Gippsland,  but  are  entirely  absent  on  the  whole  east  coast  of  the 
mainland,  as  well  as  on  the  east  coast  of  Tasmania,  which  is  bounded 
abruptly  by  steep  cliffs.  Clarke  consequently  has  been  led  to  oonjectore 
that  the  continuation  of  the  Australian  continent  towards  the  east  is  cut  off 
by  a  recent  subsidence  \ 

In  confirmation  of  this  hypothesis  it  may  be  pointed  out  that  on  Loid 
Howe  island,  between  Australia  and  New  Zealand,  great  bones  of  terrestrial 
animals  have  been  found  which  are  ascribed  to  the  gigantic  lacertilian 
forms  Megalania  and  Notiosaurus.  On  the  Australian  mainland  these 
genera  were  contemporaries  of  Diprotodon  and  other  great  maisupialfl^ 
and  thus  lived  after  the  deposition  of  the  desert  sandstone,  or  in  yerj 
recent  times.  The  existing  area  of  Lord  Howe  island  could  not  possiUy 
have  supported  such  large  animals  K 

3.  JXew  Caledonia.  Many  years  ago  distinguished  observers,  such  as 
Dana  and  Clarke,  had  been  led  to  regard  New  Caledonia  as  the  continua- 
tion of  New  Zealand ;  the  connexion  was  said  to  be  indicated  by  the  strike 
of  the  north-western  peninsula  of  New  Zealand,  and  by  Norfolk  island. 
We  know  now  that  the  direction  of  the  peninsula  does  not  correspond  with 
the  principal  strike  of  New  Zealand.  There  are  certainly,  however,  some 
features  in  New  Caledonia  which  reveal  a  particular  resemblance  with 
New  Zealand. 

Gamier  and  Heurteau  have  published  detailed  reports  on  the  structure 
of  this  great  island :  its  fossils  have  been  described  by  Deslongchamps  and 
P.  Fischer  \    The  structure  is  as  follows : — 

On  the  south-west  coast,  and  especially  in  the  southern  half  of  the 

1  Clarke,  Remarks  on  the  Sedimentary  Formations  of  New  South  Wales,  illnstrated  bj 
References  to  other  Provinces  of  Australasia,  4th  ecL,  8vo,  Sydney,  1878,  p.  7. 

»  R.  D.  Fitzgerald,  Proc.  Linn.  Soc.  N.S.W.  for  1884,  IX,  1885,  p.  1206. 

'  Gramier,  Essai  sur  la  g^ologie  et  les  ressources  min^rales  de  la  Nouvelle-GalMoiue, 
Ann.  Mines,  Paris,  1867,  6«  s^r.,  XII,  p.  1,  map ;  E.  Heurteau,  Rapport  li  M.  le  Miniitre 
de  la  Marine  et  des  Colonies  sur  la  constitution  g^ologique  et  les  richesses  min^nJea  de 
la  Nouvelle-Cal^donie,  op.  cit,  1876,  7«  s^r.,  IX,  pp.  232-454,  map ;  for  the  fomkk 
E.  Deslongchamps,  Documents  sur  la  g^ologie  de  la  Nouvelle-Cal^donie,  BulL  SocLina. 
Norm.,  1864,  VIII,  pp.  332-378 ;  P.  Fischer,  Notes  sur  les  roches  fosulifferes  de  PArchipeJ 
Cal^onien,  Bull.  Soc.  geol.  de  Fr.,  1867,  2«  s^r.,  XXIV,  p.  457,  and  P.  TWler  in 
E.  Mojsisovics,  Arktische  Triasfaunen,  Mem.  Acad.  Imp.  Sci.  Saint-Petersb.,  1886,  7«  8^., 
XXXIII,  p.  Ill  et  seq. 
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^idand,  melaphyre  and  associated  tuflEs  appear  in  several  placea    These  are 
I  followed  on  the  east  by  an  altered  rock  in  which  Spirigera  Wreyi  of  the 
f  New  Zealand  Trias  has  been  found.    This  is  overlaid  by  Trias  shales  with 
f  Paeudomanotia  Richmcmdiana  and  MytUua  proUemcUicus,  that  is  by  the 
!.  equivalent  of  the  middle  Trias  of  New  Zealand.    These  deposits  are  known 
\  in  the  islands  of  Ducos  and  Hugon.    The  Trias  zone  is  followed  by  a  much 
l  kmger  narrow  zone  striking  parallel  to  the  coast  and  formed  of  a  series  of 
■■  eoal-bearing  beds.    These  beds  are  known  on  the  coast  for  a  considerable 
•  distance  to  the  north-west  and  consist  chiefly  of  sandstone  and  conglo- 
merate; some  of  the  marine  fossils  found  in  them  have  been  identified  with 
,   species  of  the  European  Lias ;  the  coal  is  supposed  to  be  Rhaetic  or  lias. 
The  zone  which  follows  the  coal-bearing  beds  is  by  far  the  most  important 
.  and  occupies  the  greater  part  of  the  island ;  it  is  an  enormous  band  of 
i.  serpentine  and  green  schists  accompanied  by  dykes  of  euphotide,  which  is 
^   distinguished   by  its  richness  in  chromite  and    nickel.    This  band    of 
siarpentine  forms  the  lie  des  Fins  and  the  southernmost  part  of  New 
Caledonia,  then  the  coasts  on  the  north-east  side  up  to  Uailu,  that  is  for 
I    half  the  length  of  the  island,  and  on  the  south-west  side  up  to  Mont  Dore. 
;    It  then  gives  place  on  this  side  to  the  sedimentary  zones  already  mentioned, 
and  reaches  the  south-west  coast  further  to  the  north;  finally,  striking 
right  across  the  middle  of  the  island,  it  reaches  the  most  northerly  point  of 
New  Caledonia  and  is  even  continued  beyond  it  into  the  island  of  Paaba. 
This  band  of  serpentine,  striking  from  the  lie  des  Pins  to  Paaba,  rising  in 
many  isolated  bosses,  black,  barren,  and  rocky,  ia  frequently  covered  by 
dark  red  clay  resulting  from  its  disintegration.    It  often  occupies  the 
whole  breadth  of  the  island  and  is  characteristic  of  New  Caledonia. 

All  the  rocks  hitherto  mentioned  strike  to  the  north-west  in  accordance 
with  the  direction  of  the  island.  This  renders  it  all  the  more  strange  that 
in  the  northern  part  of  New  Caledonia  there  are  other  and  older  rocks 
which* all  strike  in  quite  another  direction.  Heurteau  describes  them  as 
a  zone  of  mica-schists  bordered  on  both  sides  by  slates.  The  mica-schists 
form  the  fairly  large  mountain  ridge  which  separates  the  river  Diahot  from 
the  east  coast ;  this  ridge  is  directed  to  the  north-west  like  the  band  of 
serpentine  and  the  length  of  the  island  itself,  but  the  mica-schists  according 
to  Heurteau's  explicit  statement  strike  across  this  ridge  to  the  north-east. 
The  slates  extend  to  the  south  nearly  as  far  as  Uailu,  from  which  point 
onwards,  as  we  have  already  mentioned,  the  coast  is  formed  of  serpentine 
down  to  the  southern  end  of  New  Caledonia.  Crystalline  limestone  is 
interstratified  with  the  slate  zones  on  each  side. 

Heurteau's  description  of  the  valley  of  the  Diahot  shows  that  the  strike 
of  this  ancient  schist  is  actually  N.  20"^  E.  to  N.  55^  E. ;  it  is  solely  at  the 
north  end  of  the  island  that  the  strike  of  the  northern  slate  zone  bends 
more  and  more  into  the  general  strike  to  the  north-west. 

M  a 
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Thus  we  recognize  in  New  Caledonia  two  groups  of  rocks  which  strike 
in  different  directions.  The  first,  ooenpying  much  the  more  extezisive  areik 
is  directed  to  the  north-west  like  the  island  itself,  and  consists  of  a  aone  d 
melaphyre  and  tuff,  of  Trias,  Mesozoic  coal-measures,  and  the  great  hand  of 
serpentine.  The  second  group  strikes  to  the  north-east,  is  known  only  in  tk 
north,  and  consists  of  mica-schists  and  slate.  The  first  group  is  a  fngment 
of  a  mountain  complex  displaying  parallel  zones ;  as  to  its  precise  idatiooB 
to  the  second  group  it  is  not  possible  at  present  to  form  any  opinion. 

The  ago  of  the  great  serpentine  band  is  not  known.  Such  a  vast  mas 
of  serpentine  has  never  yet  been  encountered  at  any  other  point  on  the 
whole  west  coast  of  the  Pacific  Ocean.  Its  position  would  seem  to  asrign 
it  to  the  outer  zones  of  a  great  mountain  range,  like  the  serpentines  whiek 
are  known  at  so  many  points  in  the  fiysch :  Heurteau,  on  account  of  the 
presence  of  nickel  and  cinnabar  in  both  cases,  has  compared  it  to  the 
serpentine  of  New  Almada  in  the  coast  chain  of  California '.  The  moie 
significant  is  the  fact  that  fossils,  which  he  regards  as  upper  GretaoeoaB, 
have  recently  been  described  by  Ratte  from  the  interior  of  New  California*. 

Recent  volcanic  rocks  have  nowhere  been  observed  in  the  island. 

I  do  not  propose  to  refer  in  this  place  to  the  coral  formations  whiA 
surround  New  Caledonia,  nor  to  the  important  calcareous  deposits  which 
form  the  parallel  series  of  the  Loyalty  islands.  These  will  be  discussed  in 
a  later  chapter.  It  is  important,  however,  in  view  of  later  descriptions,  to 
mention  the  fact  that  Tenison  Woods  has  described  marine  Tertiary  foesile 
from  Viti  Lc\'u.    The  species  are  extinct,  but  stiU  of  tropical  character  ^ 

There  is  an  extreme  dearth  of  information  as  regards  the  i«1<^Ti^^  whidi 
follow  towards  the  north-west — so  far  as  they  do  not  consist  of  coral  reeb 
or  more  recent  volcanic  formations — and  only  their  general  directioD 
permits  us  to  form  any  conjecture  as  to  their  structural  relations. 

Only  isolated  specimens  have  been  described  from  New  Britain  and 
i^Vir  Ir^iX}uL  As  roganls  New  Ireland,  Schleinitz  informs  us  that  at 
Carteret  and  Sulphur  harbour  the  mountains  consist  of  limestone,  bat 
nulled  pebbles  show  that  granite,  porphyry,  hornblende,  and  sandstone  may 
occur  in  tho  int4>rior  of  the  island.  This  agrees  with  liversidge's  account, 
who  montions  besides  porphyrj-  and  diorite,  some  grey  limestone  probably 
ancient*  from  a  mountain  2,500  feet  high,  also  somewhat  ancient  volcanic 
ashes,  nxi  jasper,  sandstone,  epidote,  and  amygdaloidal  lavas.  From  New 
Britain  various  volcanic  rocks  and  white  limestone  are  recorded  *. 

*  HeuTtoau,  op.  cit..  p.  S99. 

*  IUtt<^^  l^n>c.  Linn.  Soc.  N.S.W.,  1$S4.  IX.  p.  6S1.  The  genera  quoted  are  RosteUaiu, 
Fiuo*.  Pl«an>l«mana  (?^  BelemnitM,  NautiliUL 

»  J.  K.  TVnimi  Woodik  On  »ome  FoesiU  from  Lemka.  Viti ;  Proc  Lina.  Soc  NJS.W., 
iS79.  \\\  pp.  9kV8,  359. 

«  Von  SohlMnits*  Ann*l.  d.  HyUrogmphio.  1S76.  IV.  p.  365 ;  A.  Livenidge,  Bocki  fxom 
N*w  BriUin  and  New  Inland.  Joum.  Rov.  Svx\  N.S.W.  for  ISS2,  XVI,  pp.  47-51. 
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4.  The  Sea  of  Bmiday  Borneo.  As  we  approach  New  Ovdnea  we 
pexeeive  the  importance  of  the  Tertiary  formation  in  the  archipelago  of 
Snndu.  We  have  ahready  seen  that  the  marine  Tertiary  sediments  on  the 
soath  coast  of  Australia  are  widely  distributed  in  the  Great  bights  and  that 
they  enter  Bass  strait,  but  that  the  whole  east  coast  of  Australia  and 
Tasmania  up  to  Torres  strait  has  never  yet  furnished  any  trace  of 
marine  Tertiary  beds.  In  Hall  sound,  New  Guinea,  Maclay  collected 
marine  Tertiary  shells,  but  Tenison  Woods  maintains  that  these  are  entirely 
different  from  those  of  the  Tertiary  deposits  of  South  Australia^. 
According  to  Martin's  descriptions  a  large  part  of  the  north-western  coasts 
of  New  Guinea  is  formed  of  Tertiary  limestone,  chiefly  distinguished  by 
Orbitoides  and  lithothamnia,  and  probably  of  early  Miocene  age :  it  ends 
in  diflb  200  to  800  meters  high.  This  limestone  l&ewise  forms  the  little 
island  of  Roor  in  the  south-west^  and  several  of  the  adjacent  larger  islands, 
as  well  as  the  little  island  of  Sowek  in  the  north  of  Geelvink  bay.  On  the 
island  of  Lahzhia,  opposite  Merkus-Ort,  sandstone  with  coal-beds  is  said  to 
occur  ^ 

The  snow-covered  mountains  in  the  interior  of  New  Guinea  are  wholly 
unknown. 

The  Malay  arc,  which  runs  from  Burma  through  Malacca,  the  Andamans 
and  Nicobars,  Sumatra  and  Java,  to  beyond  Flores  (I,  p.  458),  is  difficult  to 
follow,  since  our  knowledge  of  the  eastern  parts  of  this  long  series  of 
islands  is  very  slight;  it  is,  however,  quite  apparent  that  Sandalwood  island 
and  l^or  lie  outside  the  arc 

Very  little  is  known  about  SaTidalwood  island.  Ti/mor  differs  consider* 
ably  from  the  descriptions  we  possess  of  the  islands  lying  within  the  ara 
Since  Beyrich  first  pointed  out  the  presence  of  Carboniferous  limestone  on 
Tunor,  numerous  investigators,  Martin  and  Wichmann  in  particular,  have 
published  accounts  of  the  rocks  of  this  island.  Ancient  schists,  tonalite, 
diorite  and  serpentine  are  present ;  the  Carboniferous  limestone  is  widely 
distributed;  the  occurrence  of  Trias  has  not  been  placed  beyond  doubt; 
the  Tertiary  deposits  occupy  a  large  area,  and  appear,  as  on  Java,  to  rise  to 
a  height  of  several  thousand  feet  in  the  interior  of  the  island  \ 

'  €.  S.  Wilkinson,  Notes  on  a  Collection  of  Geological  Specimens  collected  by 
W.  Macleay,  Esq.,  from  the  Coasts  of  New  Guinea,  Cape  York,  and  neighbouring  Islands, 
IB  Clarke,  Remarks  on  the  Sedimentary  Formations  of  New  South  Wales,  4th  ed.,pp.  97, 
98;  further,  J.  E.  Tenison  Woods,  On  a  Tertiary  Formation  at  New  Guinea,  Proc. 
linn.  Soc.  N.S.W.,  1877,  II,  pp.  125-128  and  267,  268 ;  further,  by  the  same,  Physical 
Stracture  and  Geology  of  Australia,  Proc.  Linn.  Soc.  N.S.W.,  1888,  VII,  p.  881. 

'  K.  Martin,  Eine  Terti&rformation  von  Neu-Guinea  und  benachbarten  Inseln,  nach 
Ssmmlungen  von  Macklot  und  von  Rosenberg's,  Sammlungen  des  geologischen  Reichs- 
Xnseums  in  Leiden,  edited  by  E.  Martin  and  A.  Wichmann ;  Beitrftge  zur  Geologie 
Oit-Asiens  und  Australiens,  1881-1883, 1.  Ser.,  pp.  65-83. 

s  E.  Beyrich,  Ueber  eine  Eohlenkalk-Fauna  auf  Timor,  Abk  Akad.  Berlin,  1864,  p.  61 ; 
K.  Martin,  Die  versteinerungsfOhrenden  Sedimente  Timers,  nach  Sammlungen  von 


166        THE  BORDERS  OF  THE  PACIFIC  OCEAN  [PAirrra 

Timor  does  not  follow  the  direction  of  the  great  arc  and  its  relatiooB 
with  the  latter  are  not  known.  Let  us  now  torn  to  the  eastern  end  of 
the  arc. 

It  is  to  my  mind  a  very  instractive  fact  that  steep  folds  ooeor,  m 
Verbeek  has  shown,  in  the  Tertiary  beds  which  lie  at  the  foot  of  the 
volcanoe  in  the  residency  of  Gheribon  in  Java  \  The  oontinnation  of  the 
mica-schists  of  Java  has  been  discovered  in  Madura,  overlain,  in  this  em 
as  in  that,  by  the  marine  Tertiary  sediments.  The  line  of  volcanos  is  the 
only  indication  of  the  continuation  of  the  arc  through  Bali,  Sombawa  and 
Flores.  Tertiary  formations,  as  in  Java  and  Madura,  play  a  prominent  part 
in  the  structure  of  these  islands.  The  borders  of  the  BaThda  sea  have 
been  described  by  RiedeL  From  his  accounts  we  gain  the  most  importwii 
fact  that  the  islands  of  Romang,  Damma,  Teun,  Nila  and  Sema  form  a  kn; 
and  connected  chain  of  still  active  volcanos ;  as  their  further  continnatioi 
we  must  probably  regard  the  volcanic  islands  of  Tuur,  the  most  southeriy 
of  the  Watubela  group  (south  of  the  Gbrong  archipelago) ;  its  last  eraptkn 
took  place  in  the  year  1669.  These  six  volcanic  islands  lie  exactly  on  the 
prolongation  of  the  great  zone  of  volcanos  which  curves  down  from  Javi» 
and  they  carry  the  arc  into  the  immediate  neighbouriiood  of  New  Guinea 
The  fact  is  all  the  more  remarkable  since  outside  the  are  volcanic 
phenomena  are  only  known  at  one  point,  that  is  on  the  east  side  of  the 
island  of  Moa. 

A  series  of  middle  Tertiary  beds,  consisting  of  sandstone,  marl,  or  lime- 
stone, forms  a  great  part  of  the  islands  lying  in  front  of  the  volcanic  chaiiL 
Leti  and  Moa  are  formed  of  this  series,  while  the  next  island,  Lakor,  is 
a  recent  coral  formation.  The  Luang-Sermatta  group  is  also  middle 
Tertiary,  as  well  as  the  Babar  group ;  from  the  latter,  however,  Mesosoie 
limestone  said  to  be  Jurassic  is  also  mentioned.  The  Tanembar  at 
Timorlao  group  consists  almost  exclusively  of  low-lying  coral  limestone^ 
but  in  the  soutli-eastcm  part  of  Jamdena,  the  largest  island  of  the  groap, 
late  Tertiary  land  is  Wsible.  In  the  Kei  group  the  great  island  Nnhujunt 
is  middle  Tcrtiarj':  it  rises  towards  the  north  to  a  height  of  400-600 
motors.  The  principal  group  of  Aaru  is  a  recent  limestone  plateaa 
traverseil  by  salt-water  channels,  25  to  800  meters  in  breadth,  whidi  ctobb 
the  island  obliquely  from  coast  to  coast ;  in  the  south-east  recent  Tertiaiy 
land  risos  to  a  height  of  50  meters  ^  It  is  clear  from  Martin's  accounts 
that  these  Tertiaiy  doix^its  are  a  continuation  of  those  of  New  Guinea. 

ReinwAidt)  Macklot  und  Schneider.  Samml.  geoL  Reichsmus.  in  Leiden,  1881-188S,  I| 
pp.  1-64.  plate :  A.  Wichmann.  Gestoine  von  Timor,  op.  cit,  1882,  II,  pp.  1-72,  plate. 

«  R.  D.  M.  Verbeek.  Oror  de  dikte  dex  tertiaiie  afi^ttingen  op  Javm ;  Yeih.  Akad. 
Amstenlaiu.  1888.  XXIII.  D.  11  pp..  plate. 

*  J.  G.  F.  RiedeU  Do  sluik-  en  knoesharigo  rassen  toaicken  Selebes  en  Fapna,  8to^ 
*»  Grareahago.  1886.  maps.  A  map  of  A.^ini  in  Verh.  Gesellach.  t  Erdk.  Berlin,  1885, 
XII.  pi.  i. 
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The  two  islands  lying  north-east  of  Timor,  Eetar  (or  Weetar)  and 
•  Keisar  (1,200  meters  high),  each  consist  of  ancient  rocks  with  others  which 
.  are  apparently  of  Mesozoic  age.  In  like  manner,  ancient  rocks,  said  to  be 
I .  usociated  in  places  with  Palaeozoic  or  Mesozoic  limestone,  form  the  high 
\  dudn  which  extends  from  Bum  (2,500  meters)  past  Ceram  (also  rising  to 
;  SySOO  meters)  to  the  Seranglas  and  Oorong  archipelago.  Middle  Tertiary 
beds  accompany  this  range,  and  form  the  island  of  Amboina.  As  on  the 
:  Irawadi,  the- Nicobars,  Sumatra,,  and  Java,  so  now  on  the  east  coast  of 
,    Ceram  also,  we  meet  with  springs  of  petroleum  ^. 

The  middle  Tertiary  series,  distinguished  in  some  of  its  members  by 
coal  beds,  or  by  Nummulites,  Orbitoides,  peculiar  lithothamnia  and  the 
genus  Cydoclypeus,  is  assigned  by  Verbeek  to  the  Eocene  in  part,  but  is 
regarded  by  Martin  as  Miocene.  Martin  has  found  Tertiary  limestone  in 
'  Amboina,  Buton,  and  Madura,  and  notably  in  Borneo,  where  it  is  widely 
distributed  ^. 

It  cannot  be  denied  that  the  volcanic  chain  which  extends  from  Bomang 
to  Tuur  presents  a  close  resemblance  to  the  volcanic  arc  on  the  inner  side 
of  the  Lesser  Antilles.  The  Tertiary  islands  and  the  recent  limestone 
plateaux  similarly  correspond  to  the  succeeding  outer  arc.  The  Banda  sea 
would  thus  appear  to  be  homologous  with  the  Caribbean ;  and  the  Arafura 
sea,  lying  on  the  foreland,  with  the  gulf  of  Mexico  or  the  adjacent  part  of 
the  Atlantic  Ocean. 

Although  Mesozoic  or  Palaeozoic  sediments  are  frequently  mentioned 
as  occurring  in  this  region,  yet  as  far  as  my  information  extends  no  organic 
remains,  older  than  the  Tertiary  period,  have  hitherto  been  met  with  except 
in  Borneo. 

We  possess  a  geological  map  of  this  great  island,  constructed  by 
Schwaner  and  Oaffron  in  the  years  1848-1848 ;  it  comprises  the  southern 

^  Riedel,  op.  cit.,  p.  86.  On  the  petroleum  of  the  east  coast  of  Sumatra  see  Everwijn, 
Jaarb.  Mijnw.  Ned.  0.  Ind.,  V,  p.  186 ;  in  North  Sumatra,  op.  cit.,  IV,  a,  pp.  15-33 
and  188 ;  in  Soerabaja,  op.  cit.,  lY,  b,  p.  118  et  passim. 

*  E.  Martin,  Die  wichtigsten  Daten  unserer  geologischen  Eenntniss  vom  nieder- 
l&ndisch-ostindischen  Archipel,  Bijdr.  tot  de  Taal-,  Land-  en  Volkenkunde  van  Ned. 
IndiS ;  uitgeg.  vanw.  het  kon.  Inst.,  &c.,  ter  Gelegenh.  van  het  VI.  intemat.  Congress  d. 
Orientalist,  te  Leiden,  8vo,  's  Gravenhage,  1883,  pp.  17-34;  cf.  also  D.  Schneider, 
Geologische  Uebersicht  fiber  den  holl&ndisch-ostindischen  Archipel,  Jahrb.  k.  k.  geoU 
Reichsanst.,  1876,  XXVI,  pp.  113-134,  maps.  For  Tertiary  formations  see  in  particular 
K.  Martin,  Neue  Fundpunkte  von  Terti&r-Gesteinen  im  indischen  Archipel,  nach 
Sammlongen  von  Homer,  Eorthals,  Macklot,  Milller  und  Reinwardt,  Samml.  geol. 
Beichsmus.  in  Leiden,  I,  pp.  131-179  ;  also  A.  Bdhm,  Ueber  einige  tertiSxe  Fossilien  von 
der  Insel  Madura,  Denkschr.  k.  k.  Akad.  Wiss.  Wien,  1882,  XLV,  p.  359 ;  on  the  disputed 
question  as  to  the  age  of  these  deposits  I  must  refer  the  reader  to  Verbeek,  Boettger, 
G^eyler,  and  C.  von  Fritsch,  Die  Eoc&nformation  von  Borneo  und  ihre  Versteinerungen, 
Fkdaeontographica,  1875,  Suppl.  Ill,  Heft  1,  and  Verbeek,  Boettger,  and  E.  von  Fritsch, 
Die  Terti&rformation  von  Sumatra  und  ihre  Thierreste,  op.  cit.,  1880,  SuppL  III, 
Heft  8-11. 
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area  and  extendH  a  little  beyond  the  equator ;  there  are  aJao  a  Beries  of 
detailed  descriptions  by  Dutch  mining  engineers  and  an  instructive  genenl 
account  of  the  whole  by  K.  Martin  ^ 

The  first  explorers,  Homer  and  Schwaner,  had  already  recognized  ihit 
in  the  interior  of  Borneo  mountains  exist  formed  of  granite,  serpentiDe^ 
crystalline  schist  and  other  ancient  rocks,  which  strike  in  a  Himilar  diIe^ 
tion  to  the  hill-ranges  of  Celebes  and  Halmahera;  the  hollows  betwen 
them  are,  however,  filled  with  Tertiary  sediments.  Martin  afaows  hov 
Pechel  and  Wallace  had  independently  of  each  other  perceived  this  cnriooi 
homology  of  the  three  adjacent  islands  which  yet  finds  so  little  expressicB 
in  the  outlines  of  Borneo  ^ 

Besides  this  Tertiary  transgression,  Verbeek  has  recently  made  kncnra 
in  Borneo  fossiliferous  marine  deposits  of  the  Cretaceous  period,  ooeorring 
on  the  Setorocang,  a  tributary  of  the  river  Kapoea  which  flowa  down  to 
the  west  coast.  Amongst  the  specimens  collected  by  van  Schelle,  Geiniti 
has  recognized  some  fossils  so  closely  related  to  Vela  qtiadricastaita, 
Trigoniit  Ivmhata^  Oonwnxyiv  designata,  HeTniaster  8uM(iCU7i08U8  and 
HeinUider  pld>evus^  as  well  as  other  upper  Cretaceous  speciee,  that  he 
correlated  the  deposit  with  the  upper  Senonian  \ 

Tenisou  Woods  asserts  that  the  coalfields  of  the  west  are  contem- 
poraneouH,  in  part  at  least,  with  the  Newcastle  beds  of  Australia;  with 
regard  to  Labuan  this  is  merely  a  conjecture ;  the  coal  district  of  Saraw»k 
has  afforded  Phyllutheca  audivlis  and  Vertebraria  sp.,  that  is  to  say  species 
cliaracteristic  of  these  Australian  deposits  *, 

Finally,  marine  fossils,  either  Devonian  or  Carboniferous^  are  ak) 
presi'iit;  van  Schellc  mentions  traces  of  them  in  the  western  residenpy 
and  Tenison  Woods  quotes  Fenestella  and  Stenopora  from  a  limestone  in 
the  north  ^, 

5.  CiKhin-chimtf  Toiujking.    In  recent  times  our  knowledge  of  the 

^  K.  Martin,  von  Gafl'ron's  goologische  Karte  von  Stld-Bomeo,  Samml.  geol.  BeichflmvL 
in  lioulon,  1.  )>p.  179-193,  map :  also  op.  cit.,  p.  132  et  seq. 

*  T.  rortowitz'  account  of  the  caso  is  i)erhap8toouncompromiaiDg,nii8eTegeologiMlieB 
Konntni8so  von  Borneo :  Jahrb.  k.  ung.  geol.  Anst.,  1882,  VI,  pp.  135-162,  map. 

^  K.  W  M.  Vorbeok,  Over  het  voorkomen  van  gesteenten  der  kr^jtfoimatie  in  de 
roKidontio  Wostorafdooling  >-an  Borneo:  Verel.  en  Meded.  K.  Akad.  Wet.  Amiteidaiii, 
Afd.  Natuurk.,  1S84.  \IX.  2.  reeks,  nied.  pp.  39-43.  Martin  regards  these  depodti  ai 
a  tn^pical  moditioation  of  a  Tertiary  formation,  but  no  member  so  far  known  among  the 
Tertiary  deiH^sits  of  Java  and  Sumatra  appears  to  be  so  rich  in  species  nsnallj  sappoMd 
to  be  i^^taceou*  tyi^**. 

«  Tenim^n  Woodg.  The  Borneo  Cvxiliields,  Nature.  April  23. 1886,  pp.  588, 584 ;  cf.  alM 
.1.  Motley.  On  the  iieology  of  Uibuan.  Quart.  Journ.  GeoL  Soo..  1858,  IX,  pp.  54-^7. 

'^  5iH»belle,  Berioht  in  IVterm.  Mitth..  1jJ85.  p.  320 ;  Tenison  Woods,  The  Geologj  of 
MalavKia,  i^nith  China.  &o..  Nature.  Jan.  7.  1$8B,  p.  232.  Hart  Everett  mentioni 
crinoidal  limestone  fn>ni  north-oast  sind  north-west  Borneo,  but  withoat  anj  doser 
indication  of  a4^^ :  Ko^H^rt  on  the  Exploration  of  the  Caves  of  Borneo,  Ptoc.  Boy.  Soc., 
15^0.  XXX.  pp.  3U>-x^M. 
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^'fiRuunlaiid  of  Further  India  has  been  largely  extended  by  the  labours  of 
French  geologists.  The  bold  expeditions  of  Gamier  have  been  followed  by 
t  the  investigations  of  Batte  and  Petiton  in  lower  Cochin-china  and  Cambodia, 
Pi  of  K  Fuchs  on  the  coast  of  Annam  and  in  Tongking,  and  of  Jourdy  on  the 
f  Mflt  of  Tongking  \  While  many  questions  must  stiU  remain  open,  sufficient 
^  IB  ascertained  to  furnish  the  f oUowing  account. 

•f  As  in  Borneo,  recent  eruptive  rocks  are  very  feebly  represented; 
^^  isolated  occurrences  of  such  rocks  surround  indeed  the  south*  and  east 
i!  Qoasts  of  Further  India,  but  on  the  mainland  itself  they  are  known  only  at 
K  it  single  locality,  quite  close  to  the  south  coast.  A  Jboss  of  basalt  occurs 
at  this  place,  which  is  situated  south  of  Bien-Hoa.  The  Tigre,  a  little 
a  island  on  the  east  coast  (N.  of  lat.  70"*  N.),  consists  of  trachyte ;  trachyte 
I  is  also  known  from  Pulo  Condore  and  Pulo  Wai  in  the  east  and  west  of 
'    the  southern  extremity  of  Cochin-china. 

A  part  of  Pulo  Condore,  however,  consists  of  granulite,  and  this  is  the 
forerunner  of  numerous  protrusions  of  this  rock  which  rise  near  cape 
Saint-Jacques  and  in  the  neighbourhood  of  Baria.  They  are  accompanied 
by  diorite  and  are  associated  towards  the  north  with  considerable  masses 
of  ancient  schistose  rocka  These  isolated  exposures  of  ancient  rocks, 
extending  towards  cape  Saint-Jacques,  must  be  regarded  together  with 
Polo  Condore  as  the  southern  extremity  of  the  long  range  of  hills  which, 
starting  from  the  granitic  table-land  of  Laos,  descends  along  the  east  coast 
of  Annam. 

We  wiU  first  describe  somewhat  in  detail  the  delta  of  the  Mekong. 
The  granulite  hills  of  Baria  are  continued  to  the  north-west  to  Bien- 
Ho&.  Still  further  to  the  north-west  there  rises  from  the  alluvial  land 
a  ridge  of  friable  sandstone,  the  first  outlier  of  a  denuded  sheet  of  sand- 
stone, numerous  remains  of  which  again  appear  in  the  north  superposed 
upon  Rhaetic  coal  beds ;  to  the  west  of  the  sandstone  ridge  rises  another 
granulitic  mountain  near  Tay-Ninh.  On  the  west  side  of  the  great  river 
between  Chaudok  and  Bach  Gia  a  group  of  granulitic  and  granitic  hills 
again  occurs,  accompanied  by  the  same  sandstone;  to  the  north-west  of 
this  group,  western  Cambodia  as  far  as  it  is  known  is  covered  over  wide 
areas  by  the  friable  sandstone,  resting  upon  upturned  beds  of  limestone, 
which  are  assigned  to  the  lower  Carboniferous.     The  great  island  of 


»  P.  Ratte,  Note  sur  rindoChine,  Bull.  Soc.  g^ol.  de  Fr.,  1875-1876,  3«  s^r.,  IV,  pp.  509- 
522 ;  Petiton,  Esquisse  g^ologique  de  la  Cochinchiae  fran9ai8e,  du  Cambodge  (province 
de  Pounat)  et  de  Siam  (province  de  Battambang),  op.  cit.,  1882-1883,  3®  s^r.,  XI,  pp. 
884-399,  map;  E.  Fuchs  et  E.  Saladin,  M^moire  sur  Texploration  des  gites  de  com- 
bnstibleB  et  de  quelques-unes  des  gites  m^tallif^res  de  Tlndo-Chine,  Ann.  Mines,  1882, 
8*  B^r.,  II,  pp.  185-298,  map ;  E.  Jourdy,  Sur  la  geologic  de  Test  du  Tonkin,  Compt. 
Rend.,  1886,  CII,  pp.  937-939,  and  Bull.  Soc.  g^ol.  de  Fr.,  1885-1886,  3«  s^r.,  XIV,  pp. 
14-20,  plate ;  Note  compl^mentaire,  torn,  cit.,  pp.  448-453. 
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Phoukok  consists  of  the  same  sandstone ;  which  also  forms  the  Ele^iant 
mountain  situated  to  the  north  of  the  island. 

These  heights,  and  especially  the  granulitic  ridges  and  moimtaios 
l)etween  Baria  and  Bien-Ho&,  those  of  Tay-Ninh,  and  on  the  other  side  d 
the  Mekong  those  of  Chaudok,  form  an  incomplete  boundary  about  tli» 
vast  alluvial  region ;  or  perhaps  they  should  rather  be  regarded  as  repw- 
Honting  islands  and  peninsulas  united  by  the  alluvial  land  which  now  akoe 
forms  the  whole  region  up  to  its  southernmost  extremity.  The  part  played 
by  the  great  interior  lakes  of  Cambodia  in  this  extensive  advance  of  Ha 
growing  land  is  very  peculiar.  Fuchs  has  given  a  lucid  description  of 
the  process.  The  sea  once  covered  the  area  now  occupied  by  the  alluviim 
of  the  Mekong.  The  mouth  of  the  river  then  lay  far  to  the  east  of  the 
great  lakes  near  the  existing  province  of  Pnom  Bachd ;  the  heights  of  tlie 
existing  province  of  Eompong  Soai,  composed  of  granitic  rocks  and  quaitt 
porphyry,  separated  the  mouth  from  the  great  lakes  which  then  fcvnied 
the  most  northerly  part  of  a  gulf  penetrating  deep  into  the  land.  Tlw 
advance  of  the  river  deposits  cut  off  this  part  of  the  gulf  from  the  open 
sea.  The  river  Tonle  Sap,  which  at  present  joins  the  Mekong  near  Pn(» 
Penh  and  unites  that  river  with  the  lakes,  has  so  trifling  a  fall  that  during 
one  part  of  the  year  it  bears  the  high  waters  of  the  Mekong  northwards 
into  the  lakes  and  for  the  other  part  of  the  year  it  carries  the  overflow  of 
the  lakes  southwards  into  the  Mekong.  The  direction  of  the  waters  » 
reversed  as  soon  as  the  Mekong  rises  near  Pnom  Penh  to  a  h^ght  of 
7-8  meters  above  mean  level ;  but  it  rises  every  year  to  a  height  of  12-14 
meters  al)ovo  this  level. 

There  is  a  great  dearth  of  information  concerning  Annam.  We  know 
timt  a  hilly  ridge  of  granite  accompanies  the  coast,  that  ancient  schistB 
occur  along  its  eastern  side  on  the  river  Tourane  near  Hue,  and  that 
coal-lx^aring  (loposits  are  also  present  which  probably  correspond  with  those 
of  Tongking. 

Tho  ]>lain  of  Tongking  is  much  better  known.  Friable  shales  with  few 
fivssils  are  assigned  to  the  Devonian,  but  this  determination  needs  confirma- 
tion. A  very  prominent  ohMuent  is  a  hard  limestone  resembling  marUe, 
which  pnytH?ts  in  bhiff  rocks  from  many  parts  of  the  delta  and  foim* 
outside  it  innumomble  reefs  and  islands.  Fossils  of  the  CSarbonifeioas 
limostone  have  Uvn  found  in  it  by  Jourdy.  Above  it  lie  calcareous  shales 
intorcalateil  with  sandstone  and  containing  fossils  which,  according  to 
lX>uvilK\  aiv  closely  related  to  Myophoria  Goldfusd  of  the  Keaper.  I  shall 
shortly  have  to  refer  to  similar  Myophorias  obtained  by  L6csi  from 
T^hung-tien  in  Yiuman.  Tliore  now  follow  sandstone  and  shales  which 
form  tho  civiMK'ariug  series  of  Tongking.  Zeiller  has  examined  the  flora 
of  those  KhIs.  and  has  arrived  at  the  remarkable  result  that  10  to  12  species 
corro8}x^nd  with  those  of  tho  Rh^ietie  stage  of  Europe,  while  an  equal 
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-^'  number  are  known  in  India,  on  the  horizon  of  either  the  upper  beds  of  the 
lower  Gbndw^uia  or  the  base  of  the  upper  Oondw^Lna.    The  number  of  new 

■*'   species  is  comparatively  small  ^. 

'^:  This  series  of  strata  is  thrown  into  folds  which  strike  south-west  to 

"  north-east ;  they  reach  the  sea,  and  Jourdy  indicates  their  continuation  on 
Hainan,  but  on  what  grounds  I  have  no  information.  According  to  the 
same  observer  this  system  of  folds  striking  north-east  is  traversed  by  frac- 
tures which  run  from  north-west' to  south-east,  at  right  angles  to  the  folds. 
Deposits  of  more  recent  age  than  the  Rhaetic  coal-measures  are  so  far 
not  known  in  these  regions. 

6.  The  PhUippiTies,  The  observations  made  in  Celebes  and  Halmahera 
so  flu:  known  to  me  are  not  sufficient  to  hazard  even  a  conjecture  as  to  the 
structure  of  these  islanda  We  only  know  that  ancient  rocks  such  as 
granite  and  ancient  schists  are  present,  and  a  large  number  of  recent 
volcanoe,  many  of  them  still  active. 

The  accounts  of  the  Philippines  are  much  more  complete,  but  here 
again  we  are  unable  to  form  any  definite  opinion  as  to  the  structural  plan. 
The  Philippines  have  so  far  furnished  no  fossil  remains  of  the  Palaeozoic 
or  the  Mesozoic  period.  Superposed  upon  gneiss,  talc-schists,  serpentine 
and  widely  distributed  gabbro  and  diabase,  lies  a  sedimentary  series  which 
oonsists  of  a  zone  of  limestone  conformably  overlaid  by  coal-bearing  beds 
of  unknown  age,  further  of  Nummulitic  limestone,  a  more  recent  coral 
limestone  reaching  a  height  of  4,000  feet,  which  I  correlate  with  the 
middle  Tertiary  coral  limestone  of  the  Banda  islands  and  Borneo,  and 
finally  recent  marine  sediments.  These  formations  are  associated  with 
a  varied  series  of  volcanic  rocks  which  date  at  least  from  the  Nummulitic 
period. 

All  observers  are  agreed  that  the  ancient  formations  are  to  be  regarded 
as  forming,  not  a  table-land,  but  a  number  of  chains.  Of  these  chains, 
however,  only  fragments  are  to  be  seen ;  the  sea  conceals  a  large  part,  and 
another  part  is  smothered  up  under  ashes  and  tuff  ejected  from  the  recent 
volcano  s.  The  outlines  of  the  islands  do  not  everywhere  correspond  with 
the  strike  of  the  ancient  formations,  but  have  been  affected  in  many  ways 
by  the  presence  of  volcanic  masses;  this  is  particularly  the  case  in  the 
southern  part  of  Luzon. 

In  1878  R.  von  Drasche,  in  a  compendious  description  of  Luzon, 
represented  the  Philippines  as  a  number  of  chains  which  in  the  north  of 
this  island  are  closely  crowded  together  and  run  nearly  north  and  south, 
but  diverge  in  virgation  towards  the  south  and  south-west.  *  In  north  and 
central  Luzon,  the  north  and  south  direction  predominates;  in  the  south 

^  R.  Zeiller,  Examen  de  la  Flore  fossile  des  couches  de  charbon  du  Tong-king,  Ann. 
Mines,  1882,  8«  s^r.,  II,  pp.  292-352,  plate ;  also  Bull.  Soc.  g^ol.  de  Fr.,  1882-1883, 3«  s^r., 
XI,  pp.  456-461,  and  1885-1886,  3«  s^r.,  XIV,  pp.  454-463,  plate. 
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the  iHlanrk  diverge  from  one  another  radially  like  a  fan,  and  a  gndod 
iuminf;  round  may  Tie  observed  from  north-west  and  aoath-east  to  nortk- 
eaHt  and  Houth-west,  ho  that  the  directions  of  the  strike  in  Palawan  ui  |  ^ 
Hoiith  LuzTiri,  the  opposite  ends  of  the  fan,  are  perpendicular  to  m 
another.'  The  eastern  branches  are  thereby  bent  more  strongly  to  th 
east,  and  Drasche  emphasizes  their  tendency  to  adapt  themselves  to  tk 
oounte  of  the  coast  of  Annam  in  the  same  way  as  New  Zealand  and  Net 
CaIe<lonia  do  to  the  east  coast  of  Australia  K 

iSuljHec|uent  observations  seem  to  confirm  this  conception.  To  arrive  it 
a  clear  idoa  of  the  position  of  the  several  chains,  we  must  bear  in  misl 
two  conspicuous  lines  of  depression,  which  as  early  as  1869  were  definitdj 
marked  by  Semper  on  his  general  map  of  the  islands  ^  The  first  of  then 
linos  conresixmds  with  the  longitudinal  depression  which  runs  through  tk 
west  of  Luzon  from  the  bay  of  Lingayen  to  that  of  Manila,  and  maiks  of 
a  mountain  chain,  the  sierra  dc  Zambales,  from  the  rest  of  the  island.  Ik 
second  line  corrcHponds  with  the  depression  which  occurs  in  the  eastos 
part  of  Mindanao,  and  runs,  interrupted  by  a  watershed  of  no  great  hd^ 
from  tlie  bay  of  Uutuan  in  the  north  to  that  of  Davao  in  the  sonth.  Tbii 
also  lM)Uuds  an  independent  mountain  chain  which  strikes  almost  noith 
and  south  fnnn  cape  Surigao  to  cape  St.  Augustine. 

llie  sicrni  do  Zamliales  in  west  Luzon  was  crossed  by  Drasche  in  two 
places ;  it  consists  cliiofly  of  gabbro  and  talc-schist  with  serpentine ;  greit 
niiism's  of  trtu*hytic  tutt*  rest  on  its  eastern  slope.    Its  southern  exttemily, 
pn>j(Tting  into  the  gulf  of  Manila,  is  however  of  recent  volcanic  origin, 
antl  must  l)o  disrognnleil  in  considering  the  direction  of  the  chain.    Tbe 
longitudinal  depression  is  broad ;  it  presents  recent  marine  deposits^  as 
olistTveil  by  Centeno;  Amy  at,  an  isolated  volcano,  rises  out  of  its  plain  I 
!<•  apiHMirs  to  have  Iteen  in  this  more  independent  branch  of  the  sierra  de 
Zimilmles.  which  curves  in  nn  arc  towards  Palawan,  through  Luban  and 
the  l^diiiniiuies,  that  Tenison  Woods  oliserved  ancient  limestone^.    The 
island  of  Palawiui  is  fonneii,  acconling  to  Centeno,  by  a  long  continuooi 
sierra.    This  aw  of  Zanilvdes-Palawtui,  the  most  westerly  of   the  viiga- 
<ion«  d(H\s,  in  fact,  take  a  ciuirse  which  corresponds  in  a  striking  manner  to 
that  of  the  iH^ast  of  Annum. 

'  K.  \oii  l^ntschc.  Kni^moiito  zu  oinor  iieologie  dor  Insel  Luzon  (Philippuien),  4to, 
Wion.  IS7S,  )»,  S.  Tho  oUlo»t  >^'olo)noiU  account  of  the  Philippines  known  to  me  is  tluU 
tk\  the  milling  ^n^inoor,  I.  Saiiif  do  ti(iranii;u  I«las  Filipinas,  8to.  Manila,  1840.  In 
1S78  Koth  rtttompt(\l  to  );i\o  a  briof  ;wo\nint  of  them  from  Jagor*s  coUectioni;  thii 
eiooUonf  dosK'rii^tioii,  ho>*v\or.  hii#  little  rofon^noe  to  tho  tectonic  relations;  J.  Roth. 
TolH'r  die  ^vKyiiK'ho  lV*\'hatlonhoit  dor  Philippinon.  in  F.  Jagor,  Beiaen  in  des 
11\iliV)nnon»  S\o,  Horlin.  IJ^TS.  VV-  JvU5-^M. 

•  \*  Som^vr.  Pio  rhihi^pinou  und  ihrt*  IVwv^hnor.  s*v'hs  Skixzen.  :?to,  WOzilNirg,  1869. 

*  J  Ooutoiuv  Moiuov\A  j^vUx^uv  minora i.  do  l;vs  UI^s  FilipinA^  ;  Bol.  Com.  Mapa  geoL 
K»)>aiia,  ISTtk  HI.  pjv  I  SI  i*S4.  u:ai\  in  |\ArtivulAr  jv  1>4. 

'  lVir.*xMi  »\\\1*,  Nature.  Jan.  7»  ISS^.  ^v  :?^. 
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In  the  north  of  Luzon  two  great  Cordilleras,  separated  by  the  Bio 

-  Grande  de  Cagayan,  extend  as  far  as  the  latitude  of  the  gulf  of  Lingayen, 
B..  then  unite,  and  for  a  certain  distance  follow  the  east  coast.    Further  to 

■  the  south  the  mountains  are  very  much  broken  up  and  overlaid  by  exten- 

-  aive  volcanic  masses,  but  the  strike  to  the  south-south-east  appears  clearly 
in  a  long  band  of  Nummulitic  limestone  interbedded  with  trachytic  tuff, 
which  may  be  traced  from  the  province  of  Bulacan  across  the  Laguna  to 
Majaijay.    Richthofen  was  the  first  to  note  its  existence  \ 

Drasche  supposed  that  the  outline  of  Masbate  was  due  to  bifurcation, 
and  this  would  correspond  with  the  structure  of  Porto  Rico  in  the  Antilles ; 
:   Imt  the  structure  of  Masbate  is  unknown. 

Zebu  has  been  described  in  detail  by  Abella.  The  oldest  rocks  are 
diorite  and  dioritic  tuff;  they  form  two  considerable  masses  in  the  centre 
.  oi  the  island  and  a  smaller  mass  at  its  southern  end,  and  are  surrounded  by 
beds  contaming  Nummtdites.  More  recent  limestone  forms  the  remainder 
of  the  island,  that  is,  by  far  the  greater  part;  in  some  places  it  lies 
horizontal,  in  others  it  is  upturned  like  the  Nummulitic  beda  The  lignites 
of  Zebu  have  also  been  placed  in  this  group,  which  would  thus  include 
deposits  of  various  age.  The  strike  of  the  rocks  corresponds  on  the  whole 
with  the  outline  of  the  island,  and  thus  to  the  direction  of  one  of  the 
middle  branches  of  the  virgation  ^. 

The  coal  beds  also  make  their  appearance,  according  to  Centeno's 
observations,  on  the  adjacent  island,  Isla  de  Negros,  and  traces  of  them 
are  known  on  the  western  part  of  Mindanao,  north  of  the  bay  of  Sibaguey. 
It  is  possible  that  a  part  of  western  Mindanao  may  prove  to  be  the  con- 
tinuation of  Zebu  and  the  Isla  de  Negros. 

The  gold-bearing  hill  range  of  Pigholugan,  near  the  gulf  of  Macajalar 
in  Mindanao,  that  is  nearly  in  the  middle  of  the  north  coast  of  the  island, 
consists,  according  to  Abella,  of  ancient  quartzite  and  clay  slates  which 
strike  north-north-east  and  south-south-west  ^ 

The  eastern  sierra  of  Mindanao,  which  Ues  beyond  the  two  bays  of 

Bntuan  and  Davao  (or  Tagloc),  was  visited  by  Montano ;  from  its  northern 

extremity  it  proceeds  to  the  south-south-east,  and  then  turns  due  south; 

it  consists  of  greywackes,  ancient  schists,  primitive  Umestone,  serpentine, 

quartz,  porphyry,  and  melaphyre.    This  mountain  range  must  probably 

be  regarded  as  the  continuation  of  the  island  of  Leyte  ^. 

^  F.  von  Richthofen,  Ueber  das  Vorkommen  von  Nummulitenformen  auf  Japan  und 
den  Philippinen ;  Zeitsclir.  deutsch.  geol.  Gres.,  1862,  XIV,  p.  358  et  seq. 

*  £.  Abella  j  Gasariego,  Rapida  descripcion  fisica,  geol6gica  y  mineraL  de  la  Isla  de 
Gebu  ;  Bol.  Com.  Mapa  geol.  Espana,  1886,  XIII,  pp.  1-187,  map. 

*  Id.,  Memoriaacerca  los  criaderos  auriferos  del  segondo  distrito  del  departamento  de 
Mindanao ;  op.  cit.,  1879,  VI,  pp.  83-79,  maps,  in  particular  p.  60. 

^  J.  Montano,  Rapport  a  M.  le  Ministre  de  I'lnstruction  publique  sur  une  mission  aux 
lies  Philippines  et  en  Malaisie ;  Archives  des  Missions,  1885,  3*  s^r.,  XI,  pp.  271-479, 
maps,  in  particular  pp.  271-277. 
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Still  further  towards  the  exterior  lies  a  second  band  of  ooal-beiDO| 
beds  which  strikes  to  the  south-east,  and  has  been  traced  by  Genteno  bm 
the  region  of  Caraniuan,  across  the  island  of  Batan,  and  acrofls  Sngod  h 
south  Luzon  into  the  island  of  Samar. 

If  we  transfer  these  observations  to  a  map,  we  attain  &  virgation  fron 
south-west  in  Palawan  to  south-east  in  the  zone  of  the  ooal  beds  of  sontli 
Luzon  and  Samar. 

It  is  not  improbable  that  the  most  westerly  arc,  Zambalee-Palawan,  a 
continued  to  Borneo.  Such  a  continuation  is  less  certain  for  the  mountain 
of  west  Mindanao  and  Basilan ;  Yolo  consists,  according  to  Itier,  of  conl 
formations  resting  on  basalt  \  The  prolongation  of  the  eastern  chain  of 
Mindanao  towards  the  south  is  only  indicated  by  volcanoB :  on  the  wwl 
coast  of  the  bay  of  Davao,  the  cone  of  Apo  rises,  according  to  Montano's 
measurement,  to  a  height  of  3,143  meters ;  it  forms  the  highest  peak  of  the 
Philippines.  The  volcanic  zone  would  now  seem  to  extend  through  Butoka 
and  the  island  of  Sangir  to  the  volcanos  of  northern  Celebes. 

It  was  generally  assumed  by  earlier  writers,  that  a  single  zone  of 
volcanos  extended  in  an  arc  through  the  Philippines  to  the  north ;  but  tlie 
case  is  not  so  simple.  Centeno  considers  that  there  are  two  chains  of 
volcanos  which  should  unite  in  south  Mindanao.  The  western  chiin 
begins  on  the  Buguias,  north  of  lingayen  bay,  and  includes  the  volcanoa 
of  Arayat  and  Taal,  Canlaon  on  the  Isla  de  Negros,  the  island  of  Fn^ 
the  volcano  de  Macaturin  in  Mindanao,  and  the  volcano  of  Cotabato;  this 
line  has  been  named  the  system  of  the  Taal.  The  eastern  chain  is  the 
system  of  the  Majon  (Albay),  and  extends  from  the  Isaro  in  south  Luaoa 
past  Albay  and  Bulusan,  the  solfataras  of  Leyte,  the  volcano  Camignin 
north  of  Mindanao,  which  first  arose  in  1871,  then  to  Apo  and  Butolaa. 
The  solfataras  in  the  trachytic  mountains  of  the  island  of  Bitisan,  which 
have  recently  been  described  by  Abella,  might  then  be  regarded  as  inserted 
into  this  zone.  Abella,  however,  conceives  the  continuation  of  this  line  as 
drawn  not  through  Camiguin,  but  further  east,  following  the  direction  of 
the  island  of  Leyte  towards  Mindanao^,  and  Drasche's  geological  nu^ 
of  south  Luzon  shows  so  many  volcanic  eruptions  of  such  various  descrip- 
tion, that  it  is  difficult  to  find  definite  guiding  lines  in  this  region.  The 
clearest  line  of  this  kind  makes  its  appearance  in  south-east  Luzon  between 
the  Isaro  and  the  Bulusan,  and  is  continued  towards  Biliran ;  it  lies  com- 
pletely in  the  strike  of  this  part  of  the  virgation  ^ 

1  J.  Itier,  Extrait  d*aiie  description  de  Parchipel  des  ties  Solo;  BulL  Soa  g^ogr.^ 
Paris,  1846,  3«  ser.,  V,  pp.  311-319. 

'  From  Montano's  last  description  one  would  certainly  be  inclined  to  doubt  that  laika 
Mainit  on  the  peninsula  of  Surigao  (N.  Mindanao)  is  really  a  crater. 

*  Drascbe,  p.  72,  assigns  to  this  line  the  closely  adjacent  volcanos  of  Labo,  IsattS,  IzigSi 
Mazaraga,  Albay,  and  Bulusan. 


m]  FORMOSA  175 

Further  to  the  north  of  Luzon,  in  about  lat.  18"*  10^  N.,  where  Cabo  del 
lo  begins  to  jut  out,  stands  the  volcano  de  Cagua.    Towards  the 
^rth-west  there  follow  the  volcanic  island  of  Babuyan,  then  the  Batanes 
i'^ islands,  and  finally  the  great  island  of  Formosa. 

^y       7.  Formosa  and  the  Liv^Kin  idands,    For*mosa  is  still  unfortunately 

^i-lmt  little  known;  the  observations  of  Swinhoe,  Richthofen,  and  Tyzack 

'  Jure  confined  to  isolated  localities  in  the  north  ^.    Monkey  mountain  or 

^J.  Taku  Shan,  on  the  west  coast,  has  been  described  by  Ouppy  ^ ;  Eleinwachter 

:-.  has  visited  the  south  part  of  Formosa  ^     An  important  mountain  range 

:\  which,  according  to  some  statements,  reaches  a  height  of  10,000  feet, 

\    according  to  others  of  12,000  feet,  extends  through  the  eastern  part  of  the 

\    island  towards  the  north  and  north-north-east.    The  east  coast  is  in  places 

very  steep,  and  near  Chokeday  (lat.  24''  10'  N.),  according  to  Richthofen, 

!    it  descends  precipitously  from  heights  of  6,000-7,000  feet  into  the  deep  sea. 

-^  On  the  other  hand,  the  whole  western  side  of  the  island  is  low,  and  the 

plain  is  only  interrupted  by  isolated  hills  formed  of  coral  limestone. 

Eleinwachter  reached  the  slopes  of  the  Eueili  Shan,  the  highest  peak 
(about  9,000  feet)  in  the  southern  half  of  the  mountain  chain,  and  he  found 
.  that  this  consists  of  folded  hornblende-schists  and  clay  slates,  together 
with  quartz  porphyry.  The  pebbles  of  the  river  Tamsui  show  that  further 
north  granite  also  enters  into  the  structure  of  the  range.  Against  these 
mountains  there  rest  in  the  south,  first  quartzose  sandstone,  and  then  coral 
limestone,  of  which  the  two  southern  promontories  of  Formosa  consist. 
We  have  already  mentioned  that  coral  limestone  forms  the  isolated  moun- 
tains of  the  western  plain ;  it  is  assigned,  as  a  rule,  to  the  Tertiary ;  and  it 
also  forms  the  island  of  Lambay,  lying  off  the  west  coast.  In  the  isolated 
Monkey  mountain,  cavernous  limestone  with  Scutella,  Balanus,  and  corals 
rises  1,100  feet  above  the  sea  in  beds  which  dip  35""  to  40"*  E.  In  the  north 
of  the  island,  on  the  Eilung  river,  middle  Tertiary  coal-seams  are  being 
worked;  they  lie  in  a  synclinal  with  steeply  inclined  limbs;  these,  like 
those  of  Monkey  mountain,  show  that  Formosa  must  be  included  among 
the  regions  which  have  experienced  folding  in  recent  times. 

^  Robert  Swinhoe,  Notes  on  the  Island  of  Formosa,  Joum.  Roy.  Geogr.  Soc,  1864, 
yxXlV,  pp.  6-18,  map ;  F.  von  Richthofen,  Ueber  den  Gebirgsbau  an  der  NordkQste  von 
Formosa,  Zeitschr.  deutsch.  geol.  Ges.,  1860,  XII,  pp.  532-545  ;  D.  Tyzack,  Notes  on  the 
Coalfields  and  Coal-mining  operations  in  N.  Formosa,  Trans.  N.  Engl.  Inst.  Eng., 
Newcastle,  1884-1885,  XXXIV,  pp.  67-7i9,  map ;  and  J.  A.  Leboor,  Notes  on  some  fossils 
from  N.  Formosa  collected  by  Mr.  D.  Tyzack,  tom.  cit.,  pp.  81,  82.  Arthur  Comer 
mentions  a  Palaeozoic  fossil,  Monotis  Hatcni,  from  the  neighbourhood  of  Monkey  mountain, 
but  this  discovery  is  so  fiur  unconfirmed ;  A  Journey  in  the  Interior  of  Formosa,  Proc. 
Geogr.  Soc.,  1874-1875,  XIX,  p.  515. 

'  H.  B.  Guppy,  Some  Notes  on  the  Geology  of  Takow,  Formosa ;  Joum.  N.  China  Br. 
R.  As.  Soc.,  Shanghai,  1881,  new  sen,  XVI,  pp.  13-17. 

3  G.  Eleinwftchter,  Researches  into  the  Geology  of  Formosa ;  op.  cit.,  1884,  new  ser., 
XVIII,  pp.  87-58,  map. 
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At  the  mouth  of  the  river  Tamsui,  Richthofen  observed  trachyte  asi 
horizontally  >>edded  trachytic  tuff.  The  great  solfataras,  north-west  i 
Kilung,  probably  alsio  proceed  from  trachyte  ^  These  trachytes  are  the  oolj 
recent  volcanic  rocks  known  in  Formosa,  and  the  early  statements  as  te 
the  presence  of  active  volcanos  in  the  island  have  not  so  far  been  oonfimifli 
Kleinwachter,  it  is  true,  mentions  that  on  the  flat  coast  near  TiingcihiiQ 
flames  often  break  forth  from  the  baked  ground,  but  he  oonjectores  tU 
they  are  due  to  gases  which  accompany  petroleum.  The  Chinese  statemei 
that  in  the  year  1722  flames  and  mud  burst  forth  on  the  Chih  Shsn  or 
Pineapple  hill,  near  Takow,  may  perhaps  be  explained  in  the  same  w^. 
Petroleum  is,  in  fact,  known  to  occur  in  the  north  near  Tangshui  beloff 
Tamsui.     All  these  localities  belong  to  the  west  coast. 

The  Pa^xulores  islands  consist,  as  Eklmund  Naumann  kindly  infonis 
me,  of  alternating  layers  of  basaltic  tuff  and  coral  limestone. 

While  the  north  to  south  trend  of  Formosa  might,  perhaps,  suggest 
a  continuation  of  the  northerly  direction  of  north  Luzon,  the  southenr 
extremity  of  the  great  arc  of  the.  Litc-Kiu  islands  already  deviates  eon- 
siderably  from  this  direction.  Doderlein  has  recognized  the  important  bi 
that  in  the  whole  northern  part  of  this  arc,  i.e.  from  about  lat.  25""  SO'N. 
to  OH  far  as  Kiushiu,  we  may  distinguish  between  an  outer  series  of  islaiA 
turned  towards  the  great  Ocean,  and  an  inner  series.  The  outer  serieB 
comprises  the  great  non- volcanic  islands  of  Okinawa-shima,  Tukono-ahim^ 
Amami-o-shima,  Yakuno-shima,  and  Tanega-shima,  while  the  inner  chain 
is  fonned  of  smaller  islands,  which  so  far  as  they  are  known  are  of  volcanic 
origin ;  such  are  (perhaps)  Kume-shima,  then  the  volcano  Tori-shima  (Sul- 
phur island),  then  (probably)  the  Linschotens,  Elrabu-shima,  Kose-shim^ 
Yuo-shima,  Tage-shima,  and  directly  joining  the  arc  we  meet  with  Satsuma— 
Fujiyama  on  Kiushiu,  the  volciino  Sakura-shima,  which  forms  an  island 
in  the  gulf  of  Kago-shima,  Kiri-shimi-yama,  and  finally  the  famoiv 
Aso-yama  in  Kiu  shiu  ^. 

Thus  in  the  arc  of  the  Liu-Kiu  islands  that  arrangement  is  repeated 
which  wc  have  already  ol>served  in  the  Antilles,  the  Nioobar  and  Andaman 
islands,  ami  the  Banda  islands,  and  which  is  so  closely  paralleled  in  the 
Carimthians  and  the  Apennines.  The  fragments  of  the  Cordillera  stand 
on  the  exterior,  the  volcanos  on  the  inner  side.  At  the  same  time  the 
extension  of  the  arc  into  Kiushiu  is  unmistakable,  and  the  south-east 
part  of  Kiushiu  appears  to  be  the  continuation  of  the  outer  zone  of  the 
Liu-Kiu  ishuuis. 

In  Okinauu  Perrj'  and  Jones  met  north  of  Nafa  with  gneiss,  day  dates, 
and  IxhIs  possibly  conttiining  coal :  the  most  striking  feature  in  the  laiid- 

'  Sovcral  tniTellent  have  described  the  rock  as  porphyry. 

*  Ij.  Doderlein,  Die  Liu-Kia-Insel  Amami  O^hima;  Mitth.  deatach.  Gee.  Oitameiiii 
Yokohama.  1881,  Heft  24.  81  pp..  map,  in  particular  p.  2. 
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i>pe  of  the  island,  however,  is  formed  by  a  steep  ridge  of  foesiliferous 

jne  400  to  500  feet  high,  which  is  broken  up  iiito  a  number  of  jagged 

^MWiliii,  probably  by  the  same  process  of  erosion  as  forms  '  Earrtnf elder ' 
'^r  grykes ;  it  runs  through  a  great  part  of  the  island,  directed  N.  SO""  to 
^^Kf  E.    The  gneiss  is  strongly  folded  K 

-^^  .  Amamiro-shmia,  according  to  Doderlein,  is  mountainous  and  consists 
^  of  gneiss,  granite,'  granulite,  and  crystalline  schists.  Clay  slates  steeply 
-^  npkimed  are  to  be  seen  on  the  east  coast. 

8.  Japcm.    The  islands  of  Japan,  together  with  New  Zealand,  are 
^f  peeoliarly  well  adapted  to  throw  light  on  the  structure  of  the  wonderful 
^'  island  arcs  which  surround  the  Pacific  Ocean,  for  they  consist  of  fragments 
of  simple  Cordilleras ;  the  general  plan  is  not  complicated  by  virgation  as 
y  in  the  Philippines,  and  fragmentation  has  not  advanced  so  far  as  in  the 
'  Banda  islands  and  the  arc  of  the  liu-Kiu  islands.     Fortunately  we  possess 
K  •  recent  account  by  Edmund  Naumann.    It  is  based  on  the  result  of  many 
f-  years  of  arduous  work  carried  on  with  the  co-operation  of  able  Japanese 
^  gecdogists  and  contains  a  large  number  of  fresh  observations  K    The  author 
P  has  very  kindly  furnished  me,  both  in  written  and  oral- communications, 
with  additional  information  on  many  points,  so  that  it  is  on  his  observa- 
tions together  with  Milne's  account  of  the  volcanos  of  Japan  \  and  the 
-  much  older  map  of  Yezo  by  Lyman*,  that  the  following  description  is 
chiefly  based. 

In  the  configuration  of  Japan  a  certain  symmetry  may  be  easily 
recognized.  The  great  island  of  Hondo,  bent  in  a  gentle  arc,  is  accompanied 
on  the  north-east  as  on  the  south-west  by  an  extensive  island — Yezo  on 

^  M.  G.  Perxy,  NarratiTe  of  the  Expedition  of  an  American  Squadron  to  the  China  Seas 
and  Japan,  compiled  by  F.  L.  Hawim,  4to,  Washington,  1856,  I,  pp.  184,  311 ;  G.  Jones, 
Report  on  a  Greological  Exploration  of  Lew-Chaw,  op.  cit.,  II,  pp.  53-56;  and 
DMerlein,  op.  cit.,  p.  27.  £lie  de  Beaumont  quotes  fossils  collected  by  the  missionary 
P.  Faret  at  Nafa  in  Okinawa,  the  age  of  which,  however,  cannot  be  regarded  as  certainly 
established ;  Compt.  rend.,  1859,  XLYIII,  p.  287,  and  J.  Marcou,  Lettres  sur  les  roches 
dii  Jura,  8vo,  Paris,  1857-1860,  p.  269.  The  coral  limestone,  200  feet  above  the  sea  and 
•  far  distant  from  it,  is  mentioned  by  R.  H.  Brunton,  Notes  taken  on  a  visit  to  Okinawa 
Shima,  Loochoo;  Trans.  Asiat.  Soc.  Japan,  Yokohama,  map,  1876,  lY,  pp.  66-77,  in 
particular  p.  72. 

*  E.  Nanmann,  Ueber  den  Bau  und  die  Entstehungder  japanischenIn8eln,.8vo,  Berlin, 
1885,  91  pp. ;  by  the  same,  Die  Erscheinungen  des  Erdmagnetismus  in  ihrer  Abh&ngig- 
keit  vonder  Erdrinde,  8vo,  Stuttgart,  1887,  in  particular  p.  15  etseq. ;  Geological  Survey 
of  Japan,  Beconnoissance  map,  Geology,  Division  I,  by  E.  Naumann,  assisted  by  Takao 
F^jitanai,  Akira  Yamada,  Ichitaro  Ban  and  Shogo  Nishiyama  (publication  not  yet 
oomplete).  A  little  geological  sketch-map  of  earlier  date  appears  in  J.  G.  Godfrey, 
Notes  on  the  Geology  of  Japan;  Quart.  Joum.  Geol.  Soc,  1878,  XXXIY,  pp.  542-554. 

'  J.  Milne,  The  Volcanos  of  Japan ;  Trans.  Seis.  Soc,  Japan,  Yokohama,  1886,  IX, 
pt.  2, 184  pp.,  maps. 

*  B.  Smith  Lyman,  Geological  Survey  of  Hokkaido,  A  geological  Sketch-Map  of  the 
Island  of  Yesso,  Japan,  fol.,  Tokei,  1886. 
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the  one  hand  nnri  Kiushiu  on  the  other,  and  each  of  these  advances  a  lit 
further  towarcln  the  Ocean  than  the  adjacent  end  of  Hondo. 

As  we  have  already  seen,  the  arc  of  the  Lin-Kin  islands  extends  fn 
the  Honth-Houtb-wcMt  into  the  island  of  Kinshiu,  so  that  some  of  t 
VolcanoH  of   Kiushiu  must  be  regarded  as  a  part  of  the  arc  of  Lin-Ki 


Fra,  IT.    Japan. 

Tlio  cliwly  vri'iW'tiatrhMl  7iiii»  traT^ning  the  middle  of  Honthia  indicatea  the  '  great  Im 

thp  rone  Kilh  iiini|ile  halrbini;  which  mns  through  Shikoku  and  Kii,  show*  the  atrika  «f 

cTjutalliii*  K-hinlo.    Thv  raMivnsof  thcwest  i-oaat  i,Inakt.  Horioahi.andotlierBJanindiei 

hjr  li|chter  nvM-hatfhiiig. 

At  thr  iwnio  tiiiu<  the  .'i^nith-oa^i't  part  of  Kiusliin  forms  the  ooatinoat 
of  the  outor  xoiu*  of  niicioiit  rocks  of  tliis  arc,  that  is  of  Okinawa-shii 
Aiuaini-o-tiliinin,  &o..  iiiu)  in  fact  this  zone  approaches  in  the  island 
T«nop»-shinia  quitt'  cKkh'  to  tho  south  coast  of  Kiushiu. 

Similarly  tlu'  volcanic  arc  of  the  Kurilcs  coming  from  the  north-e 
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i^o«nterB  into  the  body  of  Tezo.    The  connecting  link  is  formed  near  Nemuro 
liy  the  peninsula  jutting  out  of  the  eastern  half  of  Tezo,  and  Milne 

4  iDftentions  four  volcanos  in  the  eastern  part  of  Tezo,  two  of  them  active, 

1  -^which  must  be  included  in  the  range  of  the  Euriles  \ 

The  seas  which  surround  Japan,  particularly  the  adjacent  part  of  the 
Pacific  Ocean,  are  of  very  great  depth ;  in  fact  the  oceanic  abysses  sounded 
here  are  among  the  deepest  known,  while  the  island-strewn  gulf  which 
penetrates  into  the  interior  of  Hondo  has  a  depth  of  only  30  fathoma 
This  gulf,  therefore,  is  due  to  only  a  slight  submergence,  which  has 
f oUowed  indeed  the  trend  of  the  arc. 

The  gulf  or  inland  sea  is  separated  from  the  Ocean  on  the  south  by  the 
large  island  of  Shikoku,  and  this  is  followed  on  the  east  by  the  peninsula 
of  Eii  which  agrees  with  Shikoku  in  structure.  The  middle  of  the  Pacific 
coast  of  Hondo  is  met  by  the  chain  of  volcanic  islands,  which  includes  the 
island  of  Onshima;  this  we  wiU  call  the  Shishi-to  chain.  North  of  the 
bay  of  Tokio  the  coast  trends  more  and  more  to  the  north,  and  bulges  out 
in  two  broad  projections  separated  by  the  bay  of  SendaL  The  southern 
of  these  regions  which  protrude  out  of  the  general  course  of  the  arc,  we 
will  call  with  Naumann  the  Abukuma  mountains,  that  north  of  the  bay  of 
Sendai  the  Eitakami  mountains. 

The  holy  mountain  Fujiyama,  with  its  symmetrical  ash-cone  rising 
12,400  feet  high,  marks  the  region  in  which  the  volcanic  chain  of  Shishi-to 
meets  the  middle  of  Hondo.  A  mighty  line  of  division  here  cuts  across 
Hondo  from  side  to  side;  it  is  signalized  by  a  great  accumulation  of 
volcanic  products  and  is  of  the  first  importance  in  a  study  of  the  structure 
of  the  chain.  Naumann  speaks  of  it  as  the  great  region  of  fracture  or  the 
'  great  foes ' :  it  divides  the  island  into  two  moieties,  which  we  will  call 
north  Japan  and  south  Japan. 

Shikoku  and  Eii,  situated  on  the  south-east  coast  of  Hondo,  are  formed 
of  stratified  zones  striking  to  the  east-north-east;  Radiolarian  slates  of 
Palaeozoic  age,  upper  Carboniferous  limestone,  Trias,  Jurassic,  Cretaceous, 
and  some  Tertiary  beds  are  present;  they  are  thrown  into  folds,  either 
normal  or  slightly  overturned  towards  the  Ocean,  and  form  in  a  quite 
unmistakable  manner  the  outer  zone  of  a  mountain  chain  folded  in  the 
direction  of  the  Ocean,  that  is  to  the  south-east.  Mesozoic  deposits  occur 
also  as  narrow  bands  pinched  into  the  Palaeozoic  complex.  Behind  these 
folded  beds,  that  is  towards  the  interior,  a  zone  of  crystalline  schists  very 
steeply  upturned  runs  through  Shikoku  and  Eii:  characterized  by  great 
resistance,  they  stand  out  in  the  configuration  of  the  country  and  form 
the  long  tongues  or  peninsulas  which  proceed  from  both  sides  of  Shikoku 
as  well  as  of  Eii,  and  constrict  the  passage  from  the  Ocean  to  the  interior 

'  These  are:  Iwo-san,  active,  with  a  caldron  of  boiling  mud  and  aalphur,  Kusuri, 
Oakan,  with  a  regular  conical  form,  and  Meakan,  an  active  cone. 

N  2 
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msA.  From  the  western  part  of  Shikoku  in  paiticalar  a  long  spar  extendi 
triwanlfl  the  emit  of  Kiushin,  and  a  glance  at  the  map  will  ahciw  that  ■ 
ffpite  of  the  penetration  of  the  Liu-Kin  arc  into  KioBhiu,  the  general  slzib 
of  the  folded  ranges  of  south  Hondo  is  also  continued  into  a  part  of  tb 
island 

The  continuous  course  of  this  more  resistant  zone  of  schtBt,  with  ill 
wing-like  projections,  gives  to  Shikoku  the  form  of  a  doable  rhomb  and  ti 
Kii  of  an  irregular  simple  rhomb.  I  mention  this  fact  becaose  the  shb 
causes  have  produced  the  lozenge-like  form  of  the  isle  of  Wight,  whidh  ii 
also  due  to  the  prominence  of  more  resistant  beds^  and  becaose  we  dnl 
meet  with  the  same  phenomenon  on  a  larger  scale  in  the  outlines  of  Tem 

Tlie  rocks  of  the  outer  zone  of  Shikoku  and  Kii  are  continued  stiD 
further  through  Shima,  which  is  formed  by  the  eastern  spar  of  Kii,  M 
towanls  the  gredt  division  in  the  middle  of  Hondo  the  strike  bends  fran 
east-north-east  to  north-east  and  finally  to  north-north-east,  and  so  describs 
an  arc  such  as  is  usually  formed  by  folds  about  to  meet  a  second  monntab 
range  in  syn taxis.  Since  this  segment  of  the  chain,  bent  in  an  arc,  isent 
off  by  the  zone  of  division  or  fracture  which  strikes  N.  26*"  W.,  a  wedge 
n^Nults  which  Naumann  calls  the  Akaishi  sphenoid. 

On  the  inner  side  of  the  long  schist  range  of  Shikoku  and  Kii  older 
rocks  occur,  principally  granite,  which  is  weathered  into  a  nomber  of 
roundiMl  Hummits  and  rises  in  innumerable  islands  out  of  the  interior  sea. 
llie  ningi'ii  lying  towanls  the  Japanese  sea  also  consist  of  granite,  andfiol 
scliists,  ({uartz  |X)rphyry,  and  ancient  massive  rocks  of  various  kinds.  Hie 
north  (M)ast  is  <listinguished  by  a  few  caldron-shaped  subsidences,  among 
whioli  tliat  of  the  volcano  Daisen  and  the  Sampei  caldron  may  be  mentioned 
in  {^articular.  The  strike  of  these  inner  zones  corresponds  with  that  of 
Shikoku  and  Kii.  with  the  same  deflexion  towards  the  region  of  fractaie. 
On  Kiushiu  a  cluster  of  recent  volcanos  in  the  middle  of  the  island  cone- 
sihhuIn  to  t.ho  continuation  of  the  interior  sea.  In  the  north-west  of  Kin- 
sliiu.  Naumann  Ih'HovihI  ho  hiul  seen  a  great  granitic  laocolite;  certainly 
a  (Huisidorablo  |mrt  of  tho  Jajianese  granites  first  made  their  appearanee 
t^twanls  tho  cKvh*  of  tho  Palnoozoic  |M>riod. 

Naumaim  U'liovos  that  it  is  tho  Chinese  chains,  striking  out  in  tiie 
'IVIui-san  islands,  which  an^  ciMitinuoil  through  Kiushiu  into  the  chain  of 
wnith  Hondo.  A  furthor  oxnmination  of  Kiushiu  will  show  as  in  what 
way  tho  an*  of  tlio  Liu-Kiu  nuvts  it.  whether  directly  or  in  syntazia 

Wo  liavo  now  roaohtsl  tho  n^gion  of  fnwstuiv.  The  line  of  the  Shishi-to 
volcanivt«  innning  fivm  0-shinia.  tho  last  great  eruption  of  which  took  place 
in  «1anuar>\  1877.  nuvts  tho  pi'ninsula  of  Izu :  here  rise  Amagi-san  (4>700 
livtV  Hakono  yama  ^4«474  foiH).  Ashidaka-yama  and  the  mighty  Faji-san. 
Tluvk^  an^  foUowinl  hy  a  s^^rrioil  n^w  of  numerous  other  great  volcanos, 
anunig  thorn  Vat^nga-taka  ^i).114  fot't)  with  its  twin  peaks,  Asama  (8^00 
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^SMt)  where  an  enqytion  occurred  in  1870,  Renge-san  (9,800  feet)  with  two 
"^  Vmtenly  Tate-yama  (9,400  feet)  which  stands  on  granite,  and  others  \ 
^^  On  the  otiier  side  of  the  great  foss  the  structure  of  south  Japan  is 
^'Aqpeated  in  its  main  lines.  Hie  Abukuma  mountains  and  the  Kifft-VAwii 
|SKrantains  consist  of  a  series  of  fossiliferous  rocks  similar  to  those  of 
^^pBhikoku  and  Eii,  and  similarly  thrown  into  folds,  which  strike  parallel  to 
^^^he  general  direction  of  this  part  of  the  island,  that  is  fairly  to  the  north. 
*i^9bwards  the  south,  in  the  mountain  region  of  Quanto,  the  folds  are  bent 
l^l^litck  towards  the  zone  of  fracture  as  in  the  Akaishi  sphenoid  on  the  other 
E^nde  of  this  zone.  In  this  case,  however,  the  bending  back  is  accomplished 
.  >  -  by  a  change  from  north  and  south,  first  into  a  south-west  and  then  finally 
fr  into  a  north-westerly  direction ;  the  north-westerly  strike  of  the  inner  zones 
^  persists  nearly  to  the  middle  of  north  Japan.  The  central  region,  however, 
I  iwhich  should  correspond  to  the  position  of  the  interior  sea,  is  occupied  by 
I  Jt  long  series  of  volcanos  which  we  wiU  term  the  meridional  chain  of  north 
f  Japan.  A  group  of  five  volcanos  rises  in  the  south  towards  the  fractured 
I  'region  near  the  beginning  of  this  chain ;  the  highest  mountain  of  this  group, 
Siipane-san  (8,500  feet),  was  in  eruption  in  1872 ;  Milne  mentions  21  volcanos 
.  in  the  meridional  chain.  A  part  of  western  Yezo  also  belongs  to  it^  with 
18  volcanos,  many  of  them  active. 

Finally  the  west  coast  of  north  Japan  is  characterized  by  four  great 
caldron  insinkings,  each  of  which  encloses  a  great  volcano;  these  are, 
from  south  to  north,  Gwassan,  Chiokai  (7,100  feet),  Moriyoshi  (5,800  feet), 
and  Gunju-san  (7,000  feet),  which  gives  off  a  litUe  steam ;  its  last  erup- 
tion was  in  1824.  These  caldrons  which  have  been  let  down  into  the 
ancient  rocks  of  the  inner  side  of  the  chain  are  similar  in  every  r^pect 
to  the  bays  of  Naples,  Salerno,  Santa  Euf emia,  and  Algiers,  and  the  other 
^caldron  inbreaks  which  surround  the  western  Mediterranean  on  the  inner 
side  both  of  the  Apennines  and  of  the  cordiUera  of  north  Africa. 

We  thus  see  that  south  Japan  consists  of  a  cordillera  of  unilateral 
tatructure,  folded  towards  the  Ocean :  its  subsidences  are  represented  on 
the  inner  side  by  the  caldrons  of  the  Sampei  and  Daisen;  its  inner  zone 
appears  in  Chugoku  and  is  marked  by  the  granite  rocks  of  the  interior 
sea;  its  outer  zones  lie  in  eastern  Eiushiu,  in  the  mountainous  country  of 
Shikoku  and  Eii,  and  bend  inwards  in  the  Akaishi  sphenoid  to  meet  in 
syntaxis  a  second  cordillera,  that  of  north  Japan.  North  Japan  also  is 
traversed  by  a  cordillera ;  the  subsidences  on  its  western  inner  border  are 
marked  by  great  caldrons  from  the  Gwassan  to  the  Iwaki ;  its  outer  zones 
start  from  the  syntaxis  in  the  mountainous  country  of  Quanto,  describe  an 
arc,  and  then  proceed  through  the  mountains  of  Abukuma  and  Eitakami. 

^  Several  of  the  volcanos  in  the  great  fractured  region  have  been  described  by  R.  von 
Prasche  in  Bemerkungen  Hber  die  japanischen  Vulcane  Asama-Yama,  Jaki-Yama,- 
Iwawasi-Yama  nnd  Fnsi-Yama ;  Tschermak's  Min.  Mitth.,  1877,  pp.  49-60. 
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The  syntaxis  indicated  by  the  inflexion  towards  the  interior 
both  by  the  Akaishi  and  the  Quanto  region,  but  in  opposite  directicHiB,  is 
distinguished  from  all  other  cases  of  syntaxis  by  the  fact  that  a  large  pirt 
of  the  syntactic  region  has  subsequently  collapsed  and  great  volcanos  have 
arisen  in  the  trough,  on  the  continuation  of  the  Shishi-to  chain. 

There  is  some  difference  of  opinion,  not  as  to  the  facts  bat  as  to  tlie 
precise  manner  of  interpretation.  Naumann  prefers  to  regard  the  great 
trough  not  as  a  recent  subsidence  but  as  a  very  ancient  fissure,  althooi^ 
not  so  old  as  the  main  longitudinal  fracture  of  the  whole  range,  and  he 
assumes  the  presence  of  a  pre-existing  obstacle  to  the  folding,  somewhere 
in  the  position  of  the  Shishi-to  chain.  Harada,  however,  adopts  the  same 
explanation  as  we  have  given  above  \ 

Milne  has  incidentally  made  a  comparison  between  the  Shishi-to  chain 
and  the  Ladrones ;  this  would  involve  the  existence  of  another  insular 
arc,  syntactic  with  the  arc  of  south  Japan,  and  syntactic  against  that  at 
north  Japan.  But  such  a  supposition  does  not  accord  with  the  existence 
of  the  downthrown  syntactic  fragments  encountered  within  the  fractured 
region;  and  still  less  with  the  aspect  presented  by  other  regions  (A 
syntaxia 

Our  knowledge  of  Yezo  is  unfortunately  less  complete  than  that  of 
Hondo.  Pumpelly,  who  some  time  ago  examined  the  south  part  of  the 
island,  encountered  on  the  southern  peninsula,  between  Hakodate  and 
Volcano  bay,  a  range  of  ancient  schists  with  quartz  porphyry  and  green- 
stone which  strikes  to  the  north-west  and  must  probably  be  regarded  as 
the  continuation  of  the  northern  arc  of  Hondo. 

This  band  is  surrounded  by  more  recent  volcanos  and  by  recent  marine 
deposits  arranged  in  terraces  ^.  From  Lyman's  map  we  may  conclude  thai 
a  long  range  of  folded  rocks  strikes  across  the  island  through  its  greatest 
breadth  towards  the  north-north-west  in  the  direction  of  Saghalin.  The 
island  owes  its  lozenge-like  form  to  this  great  range,  thus  recalling 
Shikoku,  Eii,  and  the  isle  of  Wight.  We  must  perhaps  regard  it  as  the 
continuation  of  Saghalin.  It  has  also  been  represented  as  the  continuation 
of  the  northern  arc  of  Hondo  carried  further  towards  the  Ocean,  but  the 
fragment  striking  to  the  north-west,  which  Pumpelly  observed  near 
Hakodate,  does  not  support  this  conjecture.  We  also  know  from  Naumann 
that  in  central  Yezo  the  middle  Cretaceous  covers  a  large  area  and  is 
probably  directly  superposed  on  ancient  rocks.  In  like  manner,  according 
to  the  investigations  of  F.  Schmidt  and  P.  von  Glehn,  the  Cretaceous  in 
the  south  part  of  Saghalin  attains  a  very  wide  development,  and  the 

^  Naumann,  Erdmagnetismus,  p.  18;  Harada-Toyokitsi,  letter  in  Anz.  k.  Ak.  Wibb. 
Wien,  July  7,  1887. 

*  R.  Pumpelly,  Geological  Researches  in  China,  Mongolia  and  Japan;  Smithsonian 
Contributions,  No.  202, 1866,  p.  79  et  seq.,  in  particular  p.  106,  pi.  yuL 
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I  impression  made  on  Naumann  also  was  that  this  Cretaceous  of  Saghalin 
I  would  be  found  to  traverse  the  whole  of  Yezo  or  would  certainly  be 
!i  continued  into  the  peninsula.  Pending  further  information,  however,  it 
i  would  be  well  not  to  directly  connect  Saghalin  and  the  principal  chains 
r  of  Tezo  with  the  principal  chain  of  Hondo,  but  to  regard  them  as  forming 
i  an  independent  feature  lying  further  to  the  east  and  distinguished  by 
I    a  considerable  development  of  the  Cretaceous  ^. 

f  In  conclusion  we  know  that  a  part  of  the  east  of  Ye2SO  belongs  to  the 

volcanic  arc  of  the  Euriles. 

9.  The  Kuriles  and  Kamchatka.  The  Euriles  have  been  visited  three 
times  by  Milne.  They  contain  twenty-three  well-formed  cones,  sixteen  of 
them  smoking,  arranged  in  a  long  arc.  Sedimentary  beds  or  older  rocks 
have  not  been  encountered;  the  elongated  islands,  such  as  Iturup,  216 
kilometers  long,  appear  to  have  been  formed  by  the  action  of  marine 
currents  which,  flowing  parallel  to  the  arc,  have  united  the  cones  by  piling 
'    up  the  ashes  between  them  ^. 

The  island  of  Paramushir,  more  than  90  kilometers  long,  consists  of 
a  series  of  extinct  volcanos,  with  one  crater  still  smoking,  directed  to  the 
north-east  and  surrounded  by  an  accumulation  of  ashes  and  lavas.  Only 
a  narrow  arm  of  the  sea  separates  this  island  from  the  flat  island  of 
Shumochu,  which  follows  on  the  north-east  and  also  consists  of  ashes  and 
lavas ;  this  in  its  turn  is  only  separated  from  cape  Zopatka,  the  southern 
point  of  KarificJiatka,  by  a  channel  of  no  great  depth,  due  to  marine 
erosion.  North-west  of  Paramushir  there  rises  out  of  the  sea  the  steep 
isolated  cone  of  Alaid,  which  last  broke  into  eruption  in  1793.  These  are 
the  most  northern  of  the  Euriles,  and  now  the  great  train  of  volcanos, 
which  we  have  been  able  to  trace  from  the  east  of  Yezo,  enters  the 
peninsula  of  Eamchatka.  The  series  proceeds  through  the  eastern  part 
of  the  peninsula,  comprising  according  to  Dittmar  thirty-three  volcanos, 
twelve  of  them  active  ^.    The  most  northerly  of  these  are  the  Eljutshewska 

^  For  Saghalin :  F.  Schmidt,  Sachalin ;  Baer  und  Helmersen,  Beitr&ge  zur  Eenntniss 
des  rassischen  Reiches,  1868,  XXV,  p.  177  et  seq. ;  P.  von  Glehn,  Reisebericht  von  der 
Insel  Sachalin,  torn,  cit.,  p.  189  et  seq.,  in  particular  pp.  203-277 ;  also  Schebunin's 
map  of  Sachalin;  further,  F.  Schmidt,  Ueber  die  PetrefEU^ten  der  Insel  Sachalin, 
M^m.  Ac.  Imp.  Saint-P^tersb.,  1873, 7«  s^r.,  XIX,  No.  3.  For  Yezo :  E.  Naumann,  Ueber 
das  Vorkommen  der  Ereideformation  auf  der  Insel  Yezo  (Hokkaido),  Mitth.  deutsch. 
Ges.  Osta^iens,  Yokohama,  1880,  Heft  21 ;  and  by  the  same,  Bau  und  Entstehung  der 
japanischen  Inseln,  p.  21. 

*  Milne,  A  Cruise  among  the  Volcanos  of  the  Eurile  Islands ;  Geol.  Mag.,  1879,  2nd  ser., 
VI,  pp.  387-348,  map;  and  Volcanos  of  Japan,  pp.  125-169,  map. 

'  C.  von  Dittmar,  Die  Vulcane  Eamtschatkas,  Peterm.  Geogr.  Mitth.,  1860,  II,  p.  66 ; 
also  A.  Postels  Bemerkungen  iiber  die  Vulcane  der  Halbinsel  Eamtschatka,  M^m.  Ac. 
Imp.  Saint- Petersb.,  1835,  II,  pp.  11-28,  and  Perrey,  Document  sur  les  tremblements  de 
terre  et  les  phenomenes  volcaniques  dans  Parchipel  des  Eouriles  et  au  Eamtschatka^ 
166  pp.,  8to,  1863  (in  the  Ann.  Soc.  agric.  Lyon). 
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Sopka  (lat.  56"^  8'  N.,  4,804  meters)  and  the  Shewelntah  (lat.  56*  40"  N., 
8,215  meters) ;  both  these  great  moontaiiis  have  been  described  in  detafl 
by  Erman^  In  the  axis  of  the  peninsula  a  broad  longitudinal  valky, 
stretching  to  the  north-east,  corresponds  to  the  upper  course  of  the  rivo 
Kamchatka;  this  river  after  following  the  valley  for  a  great  part  of  iti 
length  turns  almost  at  right  angles,  and  flowing  to  the  east  at  the  noitk 
foot  of  the  Eljutshewska  Sopka  reaches  the  sea  near  Nishne  Kanifhatka 
The  series  of  active  volcanos  extends  east  of  this  valley  to  the  Kljutshewab 
Sopka,  and  the  Shewelutsh  alone  rises  north  of  the  lower  course  of  the  rivcc 

Dittmar  has  published  a  general  geological  map  of  the  peninsnkk 
in  which  he  has  incorporated  Erman's  observations '.  Judging  by  the 
structure  of  the  Eiu-Liu,  the  Antilles,  and  other  island  arcs,  we  mi^ 
expect  the  subsided  cordillera  of  the  Kuriles  to  become  visible  in 
Kamchatka  on  the'  east  side  of  the  volcanos.  Dittmar  does  in  tut 
mention  ancient  crystedline  schists  and  similar  rocks  on  all  the  peninsolii 
of  the  east  coast  to  beyond  lat.  58''  N.,  with  the  exception  of  the  broad  ei^ 
Kronozkij,  which  is  covered  with  ashes  and  lavas;  granite  and  gneis 
appear  here  and  there  at  the  very  foot  of  the  volcanos.  Analogy  would 
certainly  lead  us  to  regard  these  rocks  in  the  east  and  those  at  the  foot 
of  the  volcanos  as  the  few  visible  remains  of  the  cordillera  of  the  Kuriki 
Many  ranges  of  granite;  gneiss,  and  ancient  schists  of  greater  importaiiee 
appear,  however,  to  the  west  of  the  great  volcanos,  and  in  particular  a  long 
range  lying  west  of  the  upper  course  of  the  Kamchatka  river;  this  is 
apparently  2^  degrees  of  latitude  in  length  and  accompanied  by  day  slates; 
to  the  north  follow  mountains  of  porphyry.  These  again  are  joined  b^ 
recent  volcanic  ejections;  between  lat.  BG^ICN.  and  lat.  S/'SCN.  there 
rises  in  the  west  a  group  of  five  extinct  volcanos  forming  an  independent 
western  zone. 

Two  fragments  of  arc  would  thus  appear  to  occur  in  Kamchatka — an 
eastern  segment  with  the  great  active  volcanos  and  the  ancient  rocks  of 
the  eastern  promontories,  representing  the  continuation  of  the  Kuriles,  and 
a  western  segment  to  which  would  belong  the  range  of  hills  west  of  the 
Kamchatka  valley,  together  with  its  prolongations  and  the  extinct  volcanos 
of  the  north-west ;  this  is  just  what  we  find  in  Yezo,  where  indeed  we 
were  able  to  distinguish  three  successive  arcs,  one  behind  the  other. 

1  A.  Erman  has  already  published  a  geological  map  which  embraces  Kmnchatka  in 
Erman's  Archiv  f{ir  wissenschaftliche  Eunde  von  Rossland,  1842,  II ;  in  the  following 
▼olome  there  is  a  description  of  some  fossils  from  Kamchatka  by  Girard. 

*  Dittmar,  Ein  paar  erlftutemde  Worte  zur  geognostischen  Karte  KamtBchatkas ;  BnlL 
Ac.  Imp.  Saint-P^tersb.,  1855,  XIV,  pp.  241-250,  map.  Professor  Erente,  of  Colcow, 
has  kindly  sent  me  a  list  of  the  rocks  collected  by  Professor  Dybowski  in  Kamchatka  and 
the  Commander  islands,  and  observes  among  them,  from  Tigil  (Kamchatka)^  light  grey 
compact  siliceous  limestone  filled  with  Trochammina,  Haplophragmium,  TAg^m^  mjH 
other  rhif.opods. 


o(H.in]  REVIEW  OP  THE  ISLAND  ARCS  185 

The  weet  coast  in  the  neighbourhood  of  Bolsherezh,  and  even  much 
further  to  the  north,  is  flat.  In  the  west  and  in  the  Kamchatka  valley 
Tertiary  coal  beds  with  leaf  imprints  make  their  appearance.  They  also 
occur  far  to  the  north,  on  cape  Tajganos  and  northwards  as  far  as  Ishiga, 
lying  in  patches  on  the  granite  and  the  ancient  schists  of  the  peninsula. 

10.  Oeneral  survey  of  the  island  area.  It  follows  from  this  investiga- 
tion that  in  the  north-east  of  Asia  the  following  arcs  may  be  distinguished : — 

(a)  The  arc  of  the  LiAJirKiu  islands.  This  consists  of  the  fragments  of 
the  Cordillera  which  form  an  outer  zone,  and  of  the  volcanic  zone  on  the 
inner  side ;  it  extends  into  the  south  of  Eiushiu. 

(6)  The  arc  of  aovJth  Japan.  Its  outer  zone  extends  from  Eiushiu 
through  Shikoku  and  Eii,  and  is  bent  backwards  in  the  Akaishi  sphenoid 
in  the  direction  of  a  syntaxis  against  the  great  fractured  region  which 
distinguishes  the  n^iddle  of  Hondo.  Naumann  supposes  that  it  is  continued 
to  the  folded  ranges  of  south  China  which  run  out  to  sea  near  the  Tshu-san 

(c)  The  arc  of  north  Japan.  The  outer  zones  proceed  from  the  fractured 
region,  bending  through  the  mountains  of  Quanto  to  continue  through 
Abukuma  and  Eitakami.  The  inner  zones  bear  the  volcanic  meridional 
chain  and  the  west  coast  is  characterized  by  caldron  inbreaks.  A  part  of 
the  continuation  of  the  arc  directed  to  the  north-west  lies  in  the  southern 
part  of  Tezo. 

((2)  The  arc  of  central  Yezo  and  Saghalin,  situated  somewhat  nearer 
the  Ocean,  is  distinguished  by  the  development  of  the  Cretaceous  system. 

(e)  The  arc  of  the  KurUes.  The  east  of  Yezo  belongs  to  the  arc  which 
runs  into  southern  and  eastern  Eamchatka  as  far  as  the  volcano  of 
Shewelutsh.  It  is  represented  as  far  as  Eamchatka  by  volcanos  only, 
but  no  doubt  the  zone  of  older  rocks  lying  east  of  the  Eamchatka  river 
together  with  the  volcanos  may  be  regarded  as  a  part  of  its  cordillera. 

(/)  The  fragment  in  central  and  western  Kamchatka. 

11.  The  north  of  China.  The  question  now  arises  as  to  the  relations  of 
these  island  arcs  with  the  mountain  chains  of  the  Asiatic  continent.  We 
were  able  to  trace  the  Malay  arc  from  Tunnan  to  the  west  coast  of  New 
Guinea.  But  the  chains  of  the  Philippines  diverging  towards  the  south 
presented  no  visible  continuation  on  the  mainland.  The  trend-lines  of  the 
northern  arcs  and  the  adjacent  ranges  of  China  have  often  been  repre- 
sented diagrammatically,  but  the  schemes  even  of  the  most  competent 
authorities,  such  as  Pumpelly  and  L6czi,  differ  completely  from  one 
another  ^. 

As  the  result  of  a  laborious  journey  from  the  central  Yang-tse-kiang 
through  Peking  into  Mongolia,  Pumpelly  was  able  to  confirm  the  statement 

^  Fampelly,  Geological  Researches,  &c.,  pi.  vii ;  L.  L<Sczi,  A  Kbinai  birodalom  tenn^- 
seti  Vitzonyainak  ^b  Orsz&gainak  Leir&sa,  Svo,  Budapest,  1886,  p.  19. 


186        THE  BORDERS  OF  THE  PACIFIC  OCEAN  [PARrm 

uf  earlier  travellers  that  the  mountain  chains  of  China  strike  chiefly  from 
south-west  to  north-east  (more  exactly  W.  S(f  S.  to  E.  30*  N.),  and  he 
distinguished  the  mountains  which  follow  this  direction  as  the  Sinian 
tydem  ^.    But  it  will  only  be  possible  to  obtain  a  general  idea  of  this  vast 
empire  when   Richthofen's  comprehensive  works  have  been   completely 
published  ^.    In  the  great  work  with  which  F.  von  Richthof en  has  enriched 
our  science  he  has  not  only  recorded  observations  accumulated  duiizig 
many  years  of  travel,  but  has  also  attempted  to  analyse  the  stmctore  d 
the  land  into  its  various  elements  and  to  determine  the  relations  of  these 
elements  to  one  another.    In  the  south,  long  folded  ranges  predominate, 
some  striking  out  to  the  sea  in  the  Sinian  direction,  Le.  to  the  north-east^ 
the  others  in  the  south-west  running  from  Ta-tshon-fu  and  farther  through 
Yunnan  to  the  south-south-west,  and  as  it  now  appears  forming  the 
beginning  of  the  Malay  arc.    In  the  north,  however,  the  structure  of 
the  country  is  much  more  difficult  to  interpret ;  particularly  so  north  d 
Han-tshang-fu,  where  near  lat.  33°  N.  the  Sinian  chains  abut  against  tbe 
south  side  of  the  rectilinear  chain  of  the  Tsin-ling-shan,  which  trends 
east-south-east,  and  thence  into  the  southern  part  of  Mongolia.     Fragments 
of  ancient  table-land  are  present,  and  folded  ranges  of  different  age  and 
direction,  as  well  as  subsidences,  also  of  different  age.    Richthofen  has 
distinguished  and  defined  these  regions;   master  of  a  vast  field  of  fresh 
observations,  he  has  arrived  at  general  conceptions  which  accord  in  the 
most  happy  manner  with  views  on  the  origin  of  mountains  simultaneously 
developed  in  other  lands.    Thus,  what  is  described  in  China  as  a  'diagonal 
mountain,'  i.e.  as  a  mountain  in  which  the  direction  of  the  folding  does  not 
correspond  with  the  orographical  outline,  is  in  fact  a  horst^  the  vidbk 
remains  of  an  ancient  folded   range.     In  a  number  of  very  important 
points  the  description  of  China  has  confirmed  views  already  accepted  in 
Europe.    This  is  particularly  true  of  Richthofen's  statement,  that  in  a 
country  already  folded  fresh  folds  or  even  faults  may  be  produced  whieh 
follow  the  original  direction  ^. 

No  marine  deposit  of  Mesozoic  or  Tertiary  age  is  known  anywhere  in 
the  north  of  China  or  in  the  south  as  far  as  Yunnan.  The  sediments  of 
the  lower  or  middle  Jurassic  contain  only  terrestrial  plants  and  coal  beda 
They  are  directly  succeeded  by  lacustrine  deposits  of  very  recent  date, 
then  by  the  loess  and  the  alluvium  of  the  great  plain  of  the  Hwang-ha 
Even  the  Silurian  and  Devonian  sediments  have  not  yet  been  encountered 
between  the  Weiho  and  Mongolia,  that  is  in  the  whole  of  China  north  of 

'  Pumpelly,  op.  cit.,  p.  67  et  seq. 

'  F.  Ton  Richthofen,  China,  Ergebnisse  eigener  Reisen  und  darauf  gegrflndeter 
Studien,  8vo,  Berlin,  I,  1877;  II,  Das  nOrdliche  China,  1882;  IV,  F^dftontologiacher 
TheU,  1883 ;  Atlas,  fol.  1,  1885. 

'  Richthofen,  op.  cit.,  II,  p.  637. 
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the  Tsin-ling-shan ;  in  that  region  the  Carboniferous  lies  immediately  on 
the  Cambrian  beds,  and  is  followed  by  the  Mesozoic. 

The  several  elements  of  the  structure  do  not  stand  out  very  obviously, 
since  a  part  of  the  interval  between  them  is  occupied  by  the  shallow 
waters  of  the  gulf  of  Pe-chi-li/an  inland  process  of  the  Yellow  sea,  and 
another  part  is  concealed  by  the  alluvial  land  of  the  Hwang-ho.  If  we 
imagine  this  alluvial  land  to  be  submerged  as  far  as  the  foot  of  the 
mountains,  that  is,  to  Peking,  Hwai-king-fu,  and  Nanking,  then  the 
mountain  mass  of  Shavrtvmg  will  rise  out  of  the  waters  as  an  island. 

This  mountain  mass  is  cut  right  across  by  a  great  fault  along  the 
Wei-ho.  The  western  half  shows  the  Archaean  foundation  covered  by 
horizontal  Cambrian  and  Carboniferous  beds,  and  it  sinks  to  the  north 
along  faults  running  in  the  same  direction  but  not  parallel.  In  east 
Shan-tung  the  Archaean  foundation  is  laid  bare ;  a  folded  chain  trending 
to  the  north-east  once  existed  here ;  it  was  denuded  before  the  Cambrian 
period,  and  on  its  planed-down  surface  rests  a  horizontally  stratified  mass 
of  Cambrian  deposits  ^  Thus  in  Archaean  times  folding  already  existed 
here,  and  the  strike  of  these  primaeval  folds  does  not  difier  materially 
from  that  of  the  recent  folds  in  south  Japan.  Since  the  Cambrian  period 
no  folding  has  taken  place  in  this  region ;  fractures  alone  have  occurred. 
West  Shan-tung  appears  to  be  the  downthrown  part  of  a  shattered  horst, 
since  here  the  sedimentary  covering  is  more  completely  preserved.  The 
fractures  in  west  Shan-tung  are,  in  part  at  least,  of  pre-Carboniferous  age, 
as  is  shown  by  the  transgressive  bedding. 

Liao-tung  has  the  same  structure  as  east  Shan-tung  and  may  be 
regarded  as  its  continuation.  Here,  too,  the  fundamental  rocks  are  folded, 
and  we  meet  with  superimposed  patches  of  horizontal  Cambrian  beds ;  on 
the  border  of  Korea  these  have  furnished  Trilobites  \ 

The  journeys  subsequently  made  in  Korea  by  Gottsche  show  that  these 
deposits  extend  into  north  Korea ;  that  by  far  the  greater  part  of  this 
peninsula  consists  of  crystalline  schists,  and  that,  with  the  exception  of 
the  Tertiary  lignite  beds,  the  small  patches  of  recent  strata  overlying  them 
include  no  sediments  of  later  date  than  those  of  north-east  China  ^. 

*  Bichthofen  mentions  at  several  places  a  still  older  direction  which  is  said  to  be 
recognizable  in  the  most  ancient  gneiss ;  NE.-SW.  is  the  strike  of  the  folded  mica-schists, 
primitive  limestone,  &c. 

'  Dames  compares  two  localities  with  the  lowest  division  of  the  American  Potsdam 
sandstone ;  the  third,  from  the  presence  of  the  genus  Dorypyge,  most  closely  corresponds 
to  the  Quebec  group  of  Utah.  He  leaves  it  an  open  question  whether  this  horizon 
should  be  assigned  to  the  lower  Silurian,  or,  as  Barrande  thinks,  to  the  Cambrian ; 
W.  Dames,  Cambrische  Trilobiten  von  Liautung,  in  Richthofen,  China,  IV,  p.  33. 

'  C.  Grottsche,  G^ologische  Skizze  von  Korea ;  Sitzungsber.  k.  preuss.  Akad.  Wiss. 
Berlin,  XXXVI,  Sitzung  vom  15.  Juli  1886,  17  pp.,  map.  The  island  of  Mackau  in  the 
archipelago  lying  south-west  of  Korea  has  been  visited  by  Guppy ;  it  consists  of  gneiss, 
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Thus  on  either  side  of  the  Yellow  sea  stands  a  primitive  orognphie 
mass,  Korea  with  liao-tung  on  the  one  hand  and  Shan-tang  on  the  othir; 
each  is  characterized  by  the  fact  that  Cambrian  sedimeiitB  nrt  in 
horizontal  sheets  on  an  Azoic  foundation.  The  stmctore  of  these  regkmB 
is  wholly  different  from  that  of  the  neighbouring  Japan. 

The  accounts  hitherto  published  do  not  enable  us  to  q)eak  with  eqml 
certainty  of  LiaO'Iisi,  but  pending  further  inf ormation,  I  have  no  heaitatioD 
in  regarding  the  greater  part  of  it  as  belonging  to  the  next  moontaiD 
fragment. 

A  region  composed  of  parallel  mountain  chains  has  been  graphiciDy 
described  by  Richthofen  as  a  grill  or  grid  ('Rost'),  and  in  this  sense  we 
speak  of  the  grill  of  Peking.  Its  ranges  strike  E.  80*  N.  How  £ar  it  is 
continued  past  Tshong-to-fu  in  the  same  direction  into  eastern  Mongolift 
is  at  present  unknown.  To  the  north  it  is  in  great  part  covered  by  reeeni 
lavas«  which  appear  outside  the  Qreat  Wall  in  broad  platforms,  but  beyond 
these  platforms  and  even  projecting  from  them  fragments  of  the  griU  a» 
still  to  be  seen.  To  the  west  the  grill  ends  suddenly  against  the  plains  of 
Ta-tung-fu  and  Hsin-tshou,  along  a  line  which  cuts  the  strike  of  the  rangM 
transversely.  The  direction  which  is  distinctive  of  the  grill  dates  from 
a  very  early  period,  for  while  the  gentle  undulations  of  the  gneiss  fnaintaifi 
the  characteristic  direction,  e.  g.  in  the  lofty  mountain  of  Wa-tai-shan,  the 
Cambrian  beds  lie  flat.  But  of  much  greater  importance*  as  regards  the 
existing  form  of  the  grill,  than  these  ancient  folds  appear  to  be  the  flexures 
and  longitudinal  fractures  with  dragged-back  edges  which  follow  the 
original  direction,  and  throw  down  the  whole  region  in  successive'  steps 
from  Mongolia  towards  the  great  plain. 

These  subsidences  possibly  date  from  different  periods;  in  any  case 
they  are  much  more  recent  than  the  pre-Cambrian  folds. 

The  mightiest  and  longest  range  of  the  grill  begins  in  the  south-west 
with  the  gneiss  dome  of  Wu-tai-ahan,  which  is  over  10,000  feet  in  hei^t 
and  lies  north  of  Hsin-tshou;  this  is  continued  to  the  north-east  in  the 
Hsian-wu-tai-shan,  and  then  in  the  Nankou  chain,  which  sinks  in  the  sooth* 
west  by  a  great  flexure  to  the  plain  of  Peking.  The  range  of  Wu-tai-ehan 
is  followed  on  the  south  by  that  of  Hsi-tshou-shan,  which  is  doabtlees 
continued  to  the  north-east  in  the  granite  ridge  of  Hong-shan.  The  hUbeat, 
instead  of  proceeding  to  the  north-east  like  the  others,  collapses,  and  it  k 
only  on  the  other  side  of  the  plain  of  Peking  that  the  Pannshan  rises  in  the 
same  line  of  strike.  This  sunken  area  of  Peking  is  thus  open  to  the  sonth- 
east  towards  the  great  plain,  and  bounded  on  the  north-west  by  the  flexure 
of  Nankou ;  it  is  in  fact  an  inbreak  between  Hong-shan  and  Pan-shan. 

Nearly  six  degrees  of  latitude  south  of  Peking  lies  Hsi-ngan-fo,  and 


greisen,  and  quartzite ;  Notes  on  the  Geology  of  the  Corean  Archipelago,  Nature,  March 
8,  1881,  pp.  417,  418. 
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f  south  of  this  .great  town  rise  the  snow-covered  peaks  of  the  mighty  Teiv^ 
'  ling-shan,  which  trends  in  a  straight  line  from  W.  12^  N.  to  E.  12"*  S.  and 
'  marks  the  boundary  between  north  and  south  China.  It  is  a  long  range  of 
unilateral  structure ;  on  its  north  side  the  gneiss  reaches  a  height  of  over 
11,000  feet;  the  more  recent  sediments  lie  to  the  south.  In  the  east,  on 
the  road  between  Eai-fong-fu  and  Hsiang-yang-fu,  it  is  completely  faulted 
down  across  the  strike ;  beyond  this  line  it  again  emerges  as  the  Hwai 
mountains,  and  attains  a  height,  of  4,000  feet  The  last  outposts  may  be 
seen  near  Nan-king,  in  the  region  at  the  mouth  of  the  Yang-tse-kiang. 

The  rectiliiiear  east-south-east  trend  of  the  Tsin-ling-shan  and  its 
prolongations  thus  differs  considerably  from  the  east-north-easterly  or 
north-easterly  strike  of  the  Peking  district.  But  before  speaking  of  this 
great  range  reference  must  be  made  to  some  regions  situated  to  the  north 
of  it. 

The  Wei-ho  follows  in  its  upper  course  the  east-south-east  trend  of  the 
Tsin-ling-shan  and  flows  along  the  north  foot  of  these  mountains.  A  little 
above  Hsi-ngan-fu,  however,  it  abandons  both  this  direction  and  the  foot 
of  the  mountains  and  turns  to  the  east-north-east;  it  thus  reaches  near 
Tnng-hwan-ting  the  Tellow  river,  which  here  turns  in  a  sharp  elbow  and 
then  continues  the  direction  of  the  Wei-ho  up  to  the  eastern  termination 
of  the  mountains.  In  the  triangular  space  confined  between  the  river 
valley  running  to  the  east-north-east  and  the  Tsin-ling-shan  trending  to 
the  east-south-east  other  ridges  rise  which  in  an  orographical  sense  form 
the  northern  outposts  of  the  Tsin-ling-shan.  Of  these  chains  we  must 
first  separate  off  Hwa-shan,  which  trends  in  a  different  direction,  and  is 
situated  close  to  the  confluence  of  the  Wei-ho  with  the  Hwang-ho;  we 
shall  refer  to  this  later.  The  other  ranges,  chief  among  which  are  Fu-niu- 
shan  near  the  base  of  the  triangle  and  Sung-shan  near  its  northern  apex, 
also  follow  an  east-south-east  direction,  but  their  structure  is  not 
determined  like  that  of  the  Tsin-ling-shan  by  folding,  but  by  parallel 
fractures.  We  have  here,  indeed,  the  fragments  of  an  ancient  table-land 
formed  of  Cambrian  sediments  with  directly  superposed  C!oal-measures, 
but  without  the  Carboniferous  limestone,  elsewhere  so  widely  distributed. 
The  transgressive  Coal-measures  are  thus  situated  behind  the  Tsin-ling- 
shan,  folded  to  the  south,  very  much  in  the  same  way  as  the  Coal-measures 
of  Bohemia  lie  behind  the  Variscan  chains,  folded  to  the  north. 

The  Tsin-ling-shan  has  been  crossed  in  various  places  by  David  \ 
Richthofen,  Sz^h^yi,  and  L6czi.  The  transverse  section  of  which  we 
have  the  most  precise  knowledge  is  that  on  the  Tsin-ling  road  which  leads 
from  the  north  into  the  basin  of  Han-tshung-fu ;  it  has  been  described  in 
detail  by  Richthofen.    The  northern  slope  is  steep,  the  southern  likewise, 

*  A.  David,  Joomal  de  mon  troisieme  voyage  d*exploration  dans  TEmpire  chinoiB, 
2  vols.,  8vo,  P&rii,  1875. 
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and  the  range  thus  resembles  a  solid  beam ;  nevertheless,  situated  almoak 
in  the  middle  of  this  well-defined  orographic  r^on,  lies  an  importiiit 
tectonic  boundary.  Richthofen  coming  from  the  north  first  enooontend 
a  great  band  of  gneiss  accompanied  by  red  granite,  then  Azoic  schists  and 
massive  rocks,  the  Wutai-beds,  and  with  these,  rocks  oontaining  chlcril 
and  hornblende.  On  this  zone,  patches  of  Carboniferons  beds  with 
anthracite  are  superposed  in  transgression,  as  is  so  often  the  case  in  tbt 
older  folded  ranges  of  Europe.  The  Wutai  zone  is  foUowed  on  the  soatk 
by  folded  beds,  among  which  middle  Silurian,  upper  Silurian,  Devoniiii, 
and  Carboniferous  limestone  may  be  recognized  by  their  fossils.  The  fiist 
three  members  of  this  series  are,  as  we  have  already  stated,  unknown  in  tlie 
whole  of  the  vast  region  extending  north  of  Tsin-ling-shan  into  Mongolia^ 
where  the  Carboniferous  limestone  always  rests  directly  on  Cambrian  beds; 
and  it  is  very  remarkable  to  observe  that  here,  as  in  the  Alps,  the  Andes, 
and  so  many  other  mountain  ranges,  the  series  of  marine  deposits  beoomei 
complete  as  it  leaves  the  table-land  to  enter  the  great  folded  chains. 

South  of  this  folded  zone  a  more  recent  granite  mass  emerges  netr 
Idu-pa-ting.  It  is  situated  south  of  the  middle  of  the  range.  A  band  of 
micaceous  slate  and  sericite  phyllites,  perhaps  altered  Carbonifeioos, 
follows  the  mountains  with  a  completely  abnormal  strike ;  we  then  reach 
a  zone,  twenty-two  geographical  miles  broad,  occupying  a  third  of  the  whde 
breadth  of  the  chain,  and  with  a  completely  different  strike ;  from  the  ncuth 
border  of  the  mountains  up  to  the  granite  of  Liu-pa-ting  the  directioiii 
E.  12''  S.,  or  the  normal  direction  of  the  Tsin-ling-shan,  prevails,  but  in 
this  broad  zone  the  strike  is  to  the  east-north-east.  We  have  now  reached 
the  region  of  the  Sinian  direction  of  folding;  in  Sze-tshwan  it  becomes 
north-east  and  dominates  the  whole  of  south  China. 

The  rock  with  the  Sinian  strike  which  forms  the  broad  zone  on  the 
south  side  of  the  Tsin-ling-shan  is  formed  of  micaceous  gneiss,  intensely 
folded  with  frequently  repeated  intercalations  of  crystalline  limestone; 
perhaps,  as  Richthofen  conjectures,  Silurian  sediments  which  have  sufifered 
metamorphosis. 

Before  discussing  the  adjacent  folded  ranges  of  south  China,  let  us 
return  once  more  to  the  north. 

We  have  seen  how  the  grill  of  Peking  breaks  off  to  the  west  against 
the  plains  of  Ta-tung-fu  and  Hsin-tshou;  the  Hsi-tshou-shan  forms  its 
south-western  extremity.  From  the  border  of  this  mountain  fragment 
down  to  the  Hwang-ho,  a  steep  cliff,  which  forms  the  western  boundazy 
of  the  plain,  runs  past  Pau-ting-fu  and  Tshong-ting-fu.  From  Pau-ting-fa 
its  direction  is  south-south-west,  and  further  to  the  south  before  reaching 
the  Hwang-ho  it  bends  in  a  curve  from  south-south-west  to  south-west 
and  west-south-west.  This  cliff,  about  2,000  feet  high,  bears  for  its  whole 
length  the  name  Tai-hung-shan.    In  the  north,  near  Tshong-ting-fu,  an 
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older  mountain  segment  is  visible;  with  this  exception  Tai-hang-shan 
forms  the  border  of  a  vast  table-land  of  Carboniferous  sediments  which 
extend  from  the  north  with  horizontal  bedding  through  the  whole  of 
Bouthem  Shansi  and  northern  Shensi  as  far  as  the  north  foot  of  the  Tsin- 
ling-shan.  A  first  stage,  which  consists  of  Carboniferous  limestone  and 
ooal-bearing  sediments,  is  followed  by  a  second  formed  of  a  supra-Carbo- 
niferous sandstone,  and  thus  the  table-land  attains  a  height  of  5,000  feet. 
On  the  east  and  south-east  it  descends  in  steps  to  the  great  plain,  and 
Tai-hang-shan  itself  is  partly  a  flexure  and  partly  a  step  fault. 

The  way  in  which  the  southern  part  of  Tai-hang-shan  is  bent  back- 
wards  is  veiy  Btriking,  and  strange  to  say  this  course  is  repeated  in  a  long 
narrow  range  formed  of  gneiss  and  other  ancient  rocks  which  emerges 
from  the  Carboniferous  plateau.  This  range  bears  successively  the  names 
Hwa-shan  (south  of  the  Hwang-ho),  Fong-tiau-shan,  Hsian-mieu-ehan,  and 
Ho-shan.  I  should  not  be  averse,  while  awaiting  further  information,  to 
r^ard  this  whole  range  as  a  horst  left  in  relief  amid  the  broad  sunken 
table-land.  Beyond  it  flexures  and  faults  running  in  the  same  direction 
follow  one  another  up  to  the  plain  of  Ta-tung-fu.  This  is  succeeded  on 
the  west  by  a  table-land  presenting  the  same  structure  formed  of  a  Mesozoic 
coal  series. 

Orographic  blocks  let  down  in  steps  thus  surround  the  great  plain  on 
the  whole  of  its  northern  side.  The  flexure  of  Nan-kou  above  Peking  and 
Tai-hlmg-shan,  the  boundary  face  of  the  table-land,  are  the  features  most 
characteristic  of  this  structure. 

In  the  south  the  case  is  entirely  diflerent.  We  have  already  become 
acquainted  with  the  Tsin-ling-shan  as  an  asymmetric  range  folded  to  the 
south,  like  all  the  great  chains  of  Asia,  and  we  have  already  pointed  out 
that  other  folds  join  on  to  its  south  side  which  strike  to  the  east-north-east 
and  further  south  to  the  north-east.  The  micaceous  gneiss  with  crystalline 
limestone,  which  we  mentioned  as  occiuring  on  the  south  side  of  the  Tsin- 
ling-shan,  is  followed  south  of  the  depression  of  Han-tshung-fu  by  a  zone 
of  folds  formed  of  Silurian,  Devonian,  and  Carboniferous  limestone,  and 
inverted  to  the  south ;  these  folds  are  covered  towards  the  south  by  a  series 
of  sediments  lying  unconformably.  This  new  series  begins  with  limestone 
of  unknown  age ;  upon  it  rest  coal-measures  of  the  lower  Jurassic ;  these 
are  covered  by  red,  argillaceous,  and  sandy  sediments,  most  likely  of  lower 
Jurassic  age,  which  fill  the  '  red  basin '  of  Sze-tshwan.  This  more  recent 
series  has  also  experienced  lateral  movement  and  longitudinal  fracture. 

The  folds  which  meet  the  southern  slope  of  the  Tsin-ling-shan  are 
continued,  as  we  have  said,  through  the  whole  of  the  south  of  China. 
For  a  distance  of  almost  ten  degrees  of  latitude,  says  Richthofen,  the 
numerous  parallel  and  closely  crowded  mountain  ranges  striking  from 
west-south-west  to  east-north-east  are  cut  off  transversely  or  diagonally  by 
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the  carve  of  the  coast.  We  have  seen  that  the  same  direction  of  Coldiif 
also  prevails  in  Tongking  \ 

As  regards  the  relations  of  China  with  the  island  arcs,  the  following 
must  be  borne  in  mind. 

In  the  neighbourhood  of  Nan-king  the  continuation  of  Tsin-ling-shii 
reaches  the  sea.  North  of  this  point  the  whole  country  conaists  of  anciai 
table-land ;  beneath  it,  pre-Cambrian  folding  of  the  Archaean  and  Anie 
rocks,  with  a  north-easterly  strike,  may  be  observed  in  places.  The  oiil^ 
marine  deposits  which  have  been  recognized  are  those  of  the  Cambrian 
system  and  the  Carboniferous  limestone.  The  Tsin-ling-ahan  does  not 
correspond  in  its  course  with  the  island  arcs.  To  the  south  of  it  lie  chiim 
folded  to  the  south  in  which  middle  and  upper  Silurian  as  well  as  Devoniin 
are  known,  but  no  recent  marine  deposits  on  this  side  of  Yunnan.  The 
strike  of  the  chains  certainly  coincides  with  that  of  south  Japan,  and  hen, 
according  to  Naumwn,  we  must  look  for  the  continuation  of  the  ait  of 
that  island  '. 

12.  The  north-east  of  Atna,  In  Europe  the  recurrence  of  folding 
directed  to  the  north,  from  the  pre- Devonian  overthrusts  of  north  Scotland 
to  the  most  recent  movements  of  the  Alps,  has  shown  how  extraordinazify 
constant  in  direction  the  tangential  movement  may  be  over  an  extensive 
area ;  China  affords  a  similar  example. 

The  pre-Cambrian  folds  of  northern  China,  which  were  worn  down  and 
then  covered  by  the  flat-lying  Cambrian  sediments,  present  the  same  north- 
east strike  as  prevails  in  that  vast  region  of  far  more  recent  folding  whidi 
extends  south  of  the  Tsin-ling-shan  down  to  Tongking. 

This  same  north-easterly  direction,  characteristic  of  the  Sinian  system 
of  Pumpelly,  also  prevails  with  certain  deviations  to  the  north-north-east,  in 
the  whole  of  north-eastern  Asia  from  the  Great  Wall  to  the  Arctic  Ocean. 
A  study  of  the  relations  of  this  east  Asiatic  ridge  trending  to  north-east 
and  north-north-east  with  the  Altai  and  the  chains  of  Thian-shan,  would 
require  first  of  all  a  discussion  of  the  extensive  and  laborious  investigations 
which  have  been  carried  out  by  Russian  geologists  in  the  r^on  of  lake 
Baikal;  but  such  a  discussion  would  lead  us  too  far  from  the  subject  of 
this  chapter,  which  is  devoted  to  the  outline  of  the  Pacific  Ocean,  and  it 
must,  therefore,  be  reserved  for  a  later  page.  For  the  present  it  wiU  snffioe 
to  mention  some  of  the  principal  features. 

Even  in  Liau-hsi  some  indications,  as  in  the  Y-wu-lu-shan,  point  to  the 
occurrence  of  a  strike  directed  to  the  north-north-east,  but  it  is  precisely 

1  Richthofen,  FOhrer  fiir  Forschungsreisende,  8vo,  Berlin,  1886,  p.  309,  810. 

*  Tahe-kiang  and  Fu-kiang  are  still  unfortunately  almost  unknown ;  Baiaet-Snuth 
encountered  granitic  and  felsitic  rocks  and  steeply  upturned  schists  on  the  islands  of  this 
coast ;  see  Notes  on  the  Geology  of  part  of  the  Eastern  Coast  of  China,  Nature,  Jnae  16, 
1887,  pp.  163, 164. 
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here  that  obBervations  become  lees  connected.  A  fact  of  greater  impor- 
tance is  the  existence  of  a  zone  of  volcanic  rocks  running  from  southnsouth- 
west  to  north-north-east,  which  Richthof en  has  traced  from  Wei-hsien  in 
Shantung,  past  Tong-tshou-fu  and  the  Miau-tau  islands,  through  the  valley 
of  the  Liau;  and  he  believes  it  may  extend  into  the  neighbourhood  of 
Meigen^.  Richthof  en  also  points  out  that  the  Great  Eliingan  is  not  a 
monntain  chain  but  the  edge  of  a  table-land,  and  that  it  nearly  toincides 
with  the  prolongation  of  the  edge  of  the  Carboniferous  table-land  of  Shansi, 
L  e.  to  the  Tai-hang-shan  '. 

If  from  Peking  we  cross  the  eastern  Gobi  by  the  route  described  by 
MuBchketow,  to  the  north-north-west,  we  encounter  beyond  the  desert,  on . 
the  right  bank  of  the  Sselenga,  a  grill  of  parallel  chains  which  strike  from 
.Boath-south-west  to  north-north-east^.  Wenjukow  enumerates  ten  parallel 
ehains  besides  the  long  range  of  the  Apple  mountains  or  Jablonowyi^. 
The  Jablonowyi  ridge  represents,  like  the  Ehingan,  the  steep  face  of 
a  flexure  dropped  on  the  east,  or  a  fracture;  this  is  confirmed  by  all 
descriptions  of  the  road  from  lake  Baikal  to  Tshita,  and  by  Eropotkin's 
express  statement.  Here  begins  the  great  ridge  of  the  divide,  the  Stanovoi, 
explored  by  Middendorf ;  it  is  a  plateau  of  variable  breadth  surmounted 
by  secondary  hill  ranges;  its  east  border  trends  to  north-east  or  north- 
north-east  across  the  valley  of  Amur  to  the  sea  of  Okhotsk,  of  which  it 
forms  the  west  shore,  and  is  then  continued  to  the.  Arctic  Ocean.  On  the 
east  it  is  followed  by  successive  chains,  all  striking  to  north-east  or  north- 
north-east  ;  among  them,  in  particular,  Dousse  Alin,  or  Middendorf 's  Bureja 
mountains,  and  Sikhota-Alin,  the  coast  range  of  Manchuria.  Kropotkin 
has  published  an  extremely  instructive  sketch-map  of  the  trend-lines  of 
these  chains,  which  exhibit  throughout  a  certain  tendency  to  converge 
towards  the  southern  half  of  the  sea  of  Okhotsk,  and  all  disappear  along 
the  south  coast  of  this  sea^  Hence  the  great  number  of  islands  and  bays 
on  this  part  of  the  coast,  which  is  a  true  rias  coast,  like  that  of  the  south- 
east of  China.  In  one  of  these  bays,  the  bay  of  Tugur,  west  of  the  island 
of  Klein-Shantar,  Middendorf  discovered  on  cape  Karaulnoi,  in  Mamga 
harbour,  contorted  beds  of  clay  slate,  containing  the  first  specimens  of 

^  Richthofen,  China,  II,  p.  50  et  passim.  The  volcano  Pei-shan  at  the  sources  of  the 
Sungari  appears  to  lie  somewhat  east  of  this  line ;  cf.  Proc.  Geogr.  Soc,  London,  1886, 
VIII,  p.  779.  Richthofen  refers  here  to  the  eruption  of  Ujun-Choldongi  of  1721  to  1722 
mentioned  by  Wenjukow ;  this  region  lies  twenty-five  versts  SE.  of  Mergen  on  the  river 
Nemer,  not  far  from  the  mountain  Dousse- Alin  to  be  mentioned  directly. 

*  Richthofen,  op.  cit.,  II,  p.  520  et  passim. 

'  J.  Muscbketow,  Geologische  Notizen  fiber  die  Ost-Mongolei ;  Goraoi  Joum.,  1881,  II, 
pp.  80-98,  with  a  geological  map  of  the  route  from  Dolon-nor  to  lake  Tarei. 

*  Wenjukow,  Die  russisch-asiatiscben  Grenzlande  ;  German  translation  by  Krabmer, 
8vo,  Leipzig,  1874,  p.  187. 

*  Kropotkin  in  £.  R^cluz,  Nouvelle  Geographie  universelle,  YI,8vo,  Paris,  1861,  p.  813. 
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PsevdomoTiotis  Ochotica,  which  proves  that  the  Trias  was  involved  in  the 
elevation  of  these  chains.  This  fossil  has  acquired,  as  we  shall  see  later, 
a  peculiar  importance  in  the  history  of  the  whole  Pacific  Ocean  ^. 

The  furrow  of  lake  Chanka,  the  Ussuri,  and  the  lower  Amur,  as  seen  on 
the  map,  correspond  very  nearly  with  the  west  border  of  the  coast  range 
of  Sikhota-Alin,  and  B^luz,  in  his  description  of  tiiis  region,  based  on  the 
observations  of  Kropotkin,  makes  the  just  remark  that  a  slight  submer- 
gence would  suffice  to  convert  Sikhota- Alin  into  a  new  island  arc  \ 

A  comparison  of  Richthofen's  results  in  northern  China  vriih  those  of 
Russian  geologists  in  east  Siberia  thus  enables  us  to  recognize  the  Tai-pai- 
shan  in  Shansi,  the  Great  Khingan  in  Mongolia,  the  Apple  mountains  in 
the  trans-Baikal  region,  and  the  east  of  part  of  the  dividing  ridge  of 
Stanovoi  from  the  Apple  mountains  to  beyond  Okhotsk,  as  the  edges 
of  great  platforms  which  have  been  let  down  in  the  direction  of  the  Pacific 
Ocean.  '  Certain  facts,'  says  Richthofen, '  indicate  that  the  Bacific  basin  is 
surrounded  by  step  faults  on  the  grandest  scale  ^' 

In  front  of  these  tectonic  lines  lie  the  extremely  ancient  fragments  of 
table-land  which  surround  the  Yellow  sea ;  in  front  of  these  again,  lie  the 
island  arcs.  We  may  now  attempt  to  compare  these  arcs  more  closely  with 
the  mainland. 

The  origin  of  the  Liu-Kiu  arc  cannot  be  discussed  until  the  stroctnie 
of  Formosa  is  known  in  greater  detail. 

The  arc  of  south  Japan  is  connected,  in  Naumann's  opinion,  with  the 
northern  part  of  the  rias  coast  of  south  China.  This  arc  curves  past 
the  fragments  of  table-land  surrounding  the  Tellow  sea,  and  is  joined  in 
a  peculiar  synta.xis  by  the  arc  of  north  Japan. 

Next,  however,  so  far  as  we  can  judge  at  present,  the  arc  of  the  middle 
p€uii  of  Yezo,  which  we  may  suppose  to  represent  a  part  of  the  arc  of 
Sakhalin,  arises  outside  the  arc  of  north  Japan,  so  that  the  latter  is 
inserted,  so  to  speak,  between  the  coast  chain  and  the  arc  in  front  of  it 
Still  further  towards  the  exterior  lies  the  arc  of  the  Kuriles  together 
with  east  Kamchatka ;  towards  the  interior,  on  the  other  hand,  the  fragment 
of  west  Kamchatka. 

We  cannot  say  that  these  arcs  are  syntactic  in  a  deep  re-entrant  angle, 
like  the  Asiatic  chains  on  the  Jehlam,  or  like  the  Armorican  and  Yariscan 
mountains  between  Douai  and  Valenciennes,  or  like  the  Ural  and  the  arc 
of  Nova  Zembla  on  the  Konstantinov-Kamen.  The  only  exception  is  the 
sharp  syntaxis  in  the  middle  of  Honshiu ;  here  the  bend  is  really  similar 
to  that  of  the  above  examples,  yet  there  is  a  difference  owing  to  the 

^  G*.  von  Helmersen  in  A.  T.  von  Middendorrs  Reise  in  den  liussenten  Norden  und 
Osten  Sibiriens,  I,  4to,  St.  Petersburg,  1848,  p.  219,  Atlas,  pi.  xvii. 
'  E.  R^cluz,  Nouvelle  G^ographie  universelle,  VI,  8vo,  Paris,  1861,  p.  860. 
'  RichthofeD,  Ftihrer  fQr  Forschungsreisende,  p.  605. 
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approach  of  the  S})ichi-to  chain,  and  the  north  Japanese  arc  reproduces  so 
exactly  the  arc  of  south  Japan  in  its  main  feature,  that  we  are  reminded 
of  the  conditions  on  the  stnut  of  Ormuzd  where  a  secondary  notching  of 
a  similar  kind  appears  to  be  present  (I,  p.  426). 

The  island  arcs  lie  against  and  behind  each  other  at  an  obtuse  angle, 
and  this  is  the  more  striking  since  the  succeeding  arc  of  the  Aleutian  isles 
shows  a  far  greater  independence,  and  as  we  proceed  in  the  direction  of 
America  we  recognize  a  much  greater  contrast  to  the  arcs,  and  a  greater 
resemblance  with  normal  syntaxis. 

Apart  from  the  Philippines,  the  relations  of  which  are  still  unexplained, 
these  arcs  are  seen  to  stand  in  very  intimate  connexion  with  the  arcs  of 
the  Asiatic  continent.  Asia  consists  of  an  obstructive  fragment  of  Indo- 
Africa — the  peninsula  of  India,  which  does  not  now  concern  us,  and  of 
a  great  piece  of  the  earth's  crust  folded  to  the  south.  The  folds,  however, 
are  interrupted  and  separated  by  platforms  which  lie  between  them  like 
rigid  blocks,  although  in  the  platforms  themselves  we  may  also  recognize 
the  traces  of  much  older  folding  in  the  same  direction. 

We  shall  show  later,  with  greater  detail  than  we  have  yet  done,  that 
the  Him&laya  actually  terminates  on  the  Brahmaputra.  There  are  chains 
lying  behind  the  Him&laya  joining  the  meridional  chains  of  Yunnan  which 
pass  the  end  of  the  Him&laya  and  are  continued  in  the  Malay  arc.  This 
arc  we  have  traced  through  the  Banda  islands  as  far  as  the  coast  of  New 
Guinea.  But  although  to  the  south  it  passes  considerably  beyond  the 
equator,  yet  in  a  tectonic  sense  it  lies  wholly  behind  the  Himalaya,  or 
if  we  were  to  number  the  great  folded  ranges  from  the  exterior  inwards, 
the  Him&laya  would  receive  the  number  1  and  the  Malay  arc  the  number  2. 
The  encounter  of  the  two  ranges  above  the  wedge-shaped  fragment  of 
Shillong  is  thus  different  from  the  syntaxis  on  the  Jehlam. 

We  have  already  observed  that  our  insufficient  knowledge  of  Formosa 
prevents  us  from  forming  an  opinion  as  to  the  arc  of  Liu-Kiu,  but  the 
south  Japanese  arc  probably  issues  from  the  folds  of  south  China,  exactly 
as  the  Malay  arc  does  from  the  chains  of  Yunnan,  and  it  lies  behind  the 
Malay  arc  in  the  same  sense  as  this  lies  behind  or  within  the  Him&laya. 

In  the  same  sense  the  chains  of  east  Siberia  lie  behind  or  within  those 
of  south  China,  and,  notwithstanding  the  peculiar  insertion  of  the  north 
end  of  the  north  Japanese  arc  in  Yezo  mentioned  above,  we  must  regard 
all  those  arcs  which  stand  in  relation  to  the  east  Siberian  chains  as  lying 
further  towards  the  interior.  With  regard  to  this  point  the  absence  of 
a  more  detailed  knowledge  of  Sakhalin  and  of  central  Yezo  is  much  to 
be  regretted,  for  the  map  shows  a  much  more  exact  correspondence  of 
the  coast  range  Sikhota-Alin  with  the  distant  arc  of  the  Kuriles  than 
with  the  arc  of  Sakhalin  lying  between  them. 

Thus  the  east  Asiatic  coast  does  not  resemble  a  series  of  independent 
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ranges  advancing  towards  the  sea,  but  rather  a  Btupendous  virgatm 
extending  over  the  wliole  breadth  of  Eurasia^  the  successive  divergence  of 
the  same  folded  systems  which,  closely  crowded  together  in  the  inteiiar 
of  the  continents,  form  the  great  and  lofty  highlands.  In  this  diveigenoe 
each  of  the  great  branches  shows  near  its  extremity,  i.e.  towards  the 
Ocean,  a  tendency  to  recurve  to  the  north,  and  thus  arise  the  island  festoons 
of  east  Asia. 

IS.  The  arc  of  the  Aleviian  idanda.  In  scarcely  any  other  part  of  tbe 
Pacific  outline  is  the  tendency  towards  the  arc-like  disposition  so  shaiply 
expressed  as  in  the  zone  of  volcanos  and  mountain  fragments  which  pro- 
ceeds from  the  Commander's  islands  through  the  Aleutian  islands,  the 
peninsula  of  Alaska,  Eadiak  and  Eenal,  and  separates  Behring  sea  from 
the  Ocean.  Grewingk,  in  1850,  published  a  geological  description  and  map 
f)f  this  region,  based  on  the  observations  of  his  time,  which  may  still 
be  consulted  with  advantage;  he  compared  it  to  a  knotted  rope  hung 
between  the  rocky  pillars  of  America  and  Asia,  which,  sinking  under  its 
own  weight,  had  bent  its  supports  towards  one  another^.  Orewingk 
represented  the  contrast  between  the  Aleutian  and  the  American  directions 
of  strike  by  means  of  trend-lines,  and  Dall's  subsequent  investigations 
appear  to  indicate  that  between  the  Mackenzie  and  the  upper  Ynkon,  in 
about  lat.  64''  N.,  the  Aleutian  and  the  west  American  chains  meet  in  ayn- 
taxis  at  a  fairly  acute  angle  ^.  The  chain  running  to  the  north-east  whidi 
reaches  this  part  of  the  syntaxis  is  called  by.  Grewingk  the  Tschigmitge- 
birge ;  Dall  terms  it  the  Alaskan  range.  It  lies  on  the  interior  side  of  the  * 
principal  range,  which  extends  from  the  north  coast  of  Cook's  inlet  throogfa 
Alaska  and  the  island  arc.  Cook's  inlet  itself  and  the  strait  of  Shelechov 
lie  in  the  strike  of  the  mountains,  somewhat  like  the  gulf  of  Ancud  and 
the  channel  of  Moraleda  in  the  south  of  Chili.  The  gulf  of  Tshagatsks 
(Prince  William  sound)  and  the  mouth  of  the  Copper  river  mark  the  place 
where  the  course  of  the  coast  is  determined  by  the  re-entrant  angle  of 
syntaxis.  Whether  the  Romanzov  mountains  in  the  north  between  fort 
Yukon  and  the  Arctic  Ocean,  or  the  upturned  Palaeozoic  beds  which 
Beechey  observed  near  cape  Lisbum,  must  be  regarded  as  northern  ranges 
parallel  to  the  Aleutian  arc  can  hardly  be  determined  at  present 

• 

^  C.  Grewingk,  Beitr&ge  zur  Kenntniss  der  orographischen  und  geognortiaelieB 
Beschaffenheit  der  NW.-Kiiste  Amerikaa  mit  den  anliegenden  Inseln,  in  Yerh.  Min.  Ges., 
St.  Petersburg,  1850,  8yo,  p.  215 ;  E.  von  Eichwald,  Geognostisch-pal&oiitologiBche 
Bemerkungen  tlber  die  Halbinsel  Mangischlak  and  die  AlSutisclien  Inseln,  8vo,  St 
Petersburg,  1871. 

'  W.  H.  Dall,  Alaska  and  its  Resources,  Svo,  Boston,  1870,  p.  286 ;  of.  fttrther,  Amer. 
Joum.,  1868,  2nd  ser.,  XLV,  pp.  96-99,  and  1876,  3rd  ser.,  XI,  p.  242;  C.  A.White,  On 
a  small  Collection  of  Mesozoic  Fossils  collected  in  Alaska  by  Mr.  Dall,  Bull.  U.8.  GreoL 
Surv.  Territories,  1884,  No.  4,  pp.  98-103 ;  for  the  Yukon,  also  Erause,  Zeitschr.  Erdk., 
Berlin,  1883,  XVIII,  p.  348 ;  Schwatka,  Joum.  Amer.  Geogr.  Soc.,  1884,  XVI,  p.  374 
et  passim. 
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The  breaking  up  of  the  mountain  chain  which  is  accomplished  by  the 
isolated  advance  of  the  peninsula  of  Alaska,  and  then  by  the  division  of 
the  prolongation  of  the  peninsula  into  the  groups  of  islands,  is  a  fresh 
example  of  a  phenomenon  which  we  have  observed  from  Kamchatka  to 
the  Euriles,  from  Arakan  to  the  Nicobars,  and  on  other  coasts  having 
the  Pacific  structure.  Here,  however,  the  orographic  form  of  the  peninsula 
is  modified  by  a  form  of  erosion  peculiar  to  the  north.  This  is  represented 
by  extremely  deep  transverse  valleys,  which  in  Norway  are  called  *  eyde,' 
in  Alaska  *  perenossi,'  i.  e.  ceurying  places  or  '  portages '  as  they  are  called 
in  Canada,  though  this  last  term  is  used  in  a  more  extended  sense  to 
include  the  low  watersheds  of  the  abraded  Archaean  shield.  They  are  the 
same  deep  valleys  as  are  describe^  by  Boas  on  Cumberland  peninsula,  where 
they  connect  the  corresponding  fjords  of  the  two  coasts  (II,  p.  32).  Alaska, 
just  like  Cumberland  peninsula,  is  cut  across  many  times  by  these  deep 
furrows.  The  first  runs  from  the  most  northerly  part  of  the  peninsula 
through  the  great  lake  of  Uiamna,  and  Grewingk  enumerates  five  other 
perenossi ;  lakes  frequently  lie  in  their  course,  and  Dall  was  iof ormed  that 
some  of  them  are  so  low  that  in  the  whole  transit  it  is  scarcely  necessary 
to  lift  the  boat  out  of  the  water. 

Archaean  rocks  are  known  on  the  south-east  coast  of  Kenai  and  Kadiak, 
as  well  as  at  several  localities  in  Alaska ;  at  Unalashka  and  in  some  of 
the  western  islands  as  far  as  Attn,  metamorphic  rocks  and  ancient  por- 
phyry are  mentioned  as  forming  the  foundation.  In  the  Commander's 
islands  the  foundation  is  Archaean.  At  cape  Nunakhalkak,  on  the  north- 
east coast  of  Alaska  (about  lat.  58°  2(/  N.),  Pinart  found  fossils  of  the 
Trias  ^ ;  on  the  east  coast  Jurassic  deposits  are  known,  which,  as  it  appears, 
belong  to  different  stages  of  the  middle  and  upper  Jurassic,  and  the  Aucella 
beds  appear  at  various  points  on  the  east  coast  as  well  as  near  Port 
Moller  on  the  north-west  coast  of  the  peninsula. 

The  Tertiary  formation  of  this  region  deserves  particular  attention  and 
renewed  investigation.  In  many  places,  particularly  in  Cook's  inlet,  the 
Tertiary  leaf -bearing  beds  with  lignite  occur  which  distinguish  the  Arctic 
regions  in  so  peculiar  a  manner.  Heer  has  described  their  flora  ^.  They 
extend  as  far  as  cape  Tolstoi  in  Morton  sound.  Above  these  leaf -bearing 
beds  Dall  observed,  near  Nulato,  on  the  lower  Yukon,  a  brown  sandstone 
with  Crepidula,  Ostraea,  and  other  marine  mollusca  of  extinct  species. 
This  sandstone  has  a  fairly  wide  extension.  On  the  Shumagin  islands, 
which  lie  off  the  south-east  coast  of  Alaska,  Dall  found  resting  on  syenite 
or  granite,  first  very  much  altered  quartzite,  then  blue  sandy  shales  with 
beds  of  lignite,  silicified  wood,  beds  of  conglomerate  and  leaves  of  Platanus, 

^  P.  Fischer,  Sur  quelques  fossiles  de  TAlaska,  in  A.  L.  Pinart,  Voyages  a  la  C6te 
Nord-Onest  de  TAm^rique,  4to,  1875, 1,  p.  32. 
*  0.  Heer,  Flora  Fossila  Alaskana,  4io,  Stockholm,  1869  (in  Svensk.  Akad.  Handl.). 
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then  conglomerates  and  sand  with  Sequoia,  and  above  this  the  brown 
marine  sandstone  with  Crepidula,  vertebrae  of  whales,  oysters  and  wood 
perforated  by  borings.     The  Tertiary  beds  are  traversed  by  basalts  *. 

These  deposits,  which  appear  to  be  of  middle  Tertiary  age,  are  so  far 
the  only  trace  of  a  connexion  with  the  marine  Tertiary  beds  which  have 
l)een  mentioned  as  occurring  in  Spitzbergen  and  the  east  of  Greenland 
(II,  pp.  69,  73).  They  must  be  carefully  distinguished  from  other  marine 
beds  which  contain  living  species  or  a  fauna  very  closely  allied  to  the 
present,  and  which  are  regarded  by  many  observers  as  also  of  Tertiary  age. 
These  occur  at  many  points  of  the  Aleutian  arc,  as  well  as  in  Kamchatka, 
Sakhalin,  and  on  the  Pribylov  islands,  resting  horizontally  against  the 
older  rocks  of  the  coast,  and  Qrewingk  has  justly  emphasized  their 
striking  resemblance  to  the  shell-bearing  beds  of  Beauport  near  Quebec  in 
Canada. 

In  conclusion,  a  zone  of  mighty  volcanos  takes  part  in  the  structure  of 
the  Aleutian  arc.  It  would  be  superfluous  to  enumerate  them.  With  the 
giant  Iliamna  and  the  Ujakushatsh  (or  Burnt  mountain)  on  the  west  side 
of  Cook's  inlet,  this  volcanic  zone  makes  its  entrance  into  the  continent 
of  America.  It  is  very  active;  several  great  eruptions  occurred  in  the 
course  of  the  eighteenth  century:  during  one  of  them,  in  1796,  the  new 
volcano,  Saint  Johann  Bogoslow,  was  formed,  which  rises  from  the  sea  west 
of  the  northern  point  of  Unalashka ;  finally  in  December,  1883,  the  mouth 
of  Cook's  inlet  was  the  scene  of  violent  volcanic  phenomena. 

14.  The  wed  coast  of  America.  The  lofty  mountain  ranges  which 
border  the  Pacific  coast  of  America  have  been  already  described.  The 
contrast  between  their  direction  and  that  of  the  Aleutian  islands  is  very 
striking.  In  Chatham  straits,  east  of  Sitka,  Blake  observed  mica-schist  in 
an  almost  vertical  position  striking  parallel  to  the  coasts  and  from  the 
works  of  Canadian  geologists,  we  have  learnt  that  Vancouver  and  the 
Queen  Charlotte  islands  must  be  regarded  merely  as  the  outer  chains  of 
those  Cordilleras  which  traverse  the  north-western  part  of  America. 
Further  to  the  south  we  reach  the  great  lava  flood  of  Washington  and 
Oregon,  beneath  which  only  isolated  fragments  of  the  downthrown  Cor- 
dillera are  visible.  It  is  in  the  Cascade  range  that  these  eruptive  products 
attain  their  greatest  height;  and  the  overwhelmed  forests  beneath  the 
lava  recall  the  similar  occurrences  of  Tertiary  age  which  are  so  widely 
distributed  in  high  latitudes.  This  volcanic  region  extends  as  far  as  mount 
Shasta,  and  some  observers  include  in  it  the  range  of  Lassen's  peak  which 
joins  the  sierra  Nevada. 

We  here  approach  the  region  of  the  Basin  ranges,  distinguished  by  its 

^  Ball,  Note  on  Alaska  Tertiary  Deposits ;  Amer.  Joum.,  1882,  8rd  ser.,  XXIY,  p.  67. 
'  T.  A.  Blake,  Topographical  and  Geological  Features  of  the  N W.  Coast  of  America ; 
Amer.  Journ.,  1868,  2nd  ser.,  XLV,  pp.  242-247. 
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peculiar  structure.  More  or  less  meridional  chains  were  formed  by  folding, 
then  followed  faults,  which  run  almost  with  the  strike  of  the  folds,  and 
along  these  the  folded  country  has  been  let  down.  Diller  has  shown  that 
the  structure  of  the  Basin  ranges  extends  to  the  northern  part  of  the 
sierra  Nevada.  This,  too,  is  cut  through  between  Sacramento  and  Honey 
lake  by  two  faults  running  almost  with  the  strike,  which  form  American 
valley  and  Indian  valley  with  a  downthrow  on  the  east,  the  dip  being 
directed  mainly  to  the  west.  On  the  west  side  of  Honey  lake  lies  a  third 
line  of  fracture,  which  corresponds  to  the  east  border  of  the  sierra.  The 
outermost  part  of  the  west  border  of  the  mountains  appears  to  be  over- 
turned ^ 

The  difference  in  structure  between  the  Coast  ranges  and  the  sierra 
Nevada,  indicated  by  earlier  investigations,  is  shown  by  fresh  observations 
to  be  less  than  was  supposed.  In  the  north,  Diller  has  found  fossils  of  the 
Carboniferous  limestone  west  of  Shasta  valley  in  the  region  of  the  Coast 
ranges;  and,  further  south,  White  has  shown  the  correspondence  of  the 
Aucella  beds  of  the  Coast  ranges  with  those  of  the  sierra.  Becker  regards 
both  mountain  ranges  as  forming  part  of  the  system  of  western  cordilleras. 
Since  the  lower  Cretaceous,  and  very  probably  since  a  far  earlier  period, 
the  whole  region  between  the  Wahsatch  and  the  Pacific  coast  has,  according 
to  Becker,  been  the  scene  of  the  '  recurrent,  if  not  constant  action  of  lateral 
compression,  exercised  practically  in  one  and  the  same  direction  '^' 

The  distinction  between  the  movement  of  folding  and  the  formation  of 
^reat  fractures  along  which  collapse  takes  place  is  becoming  recognized 
with  ever-increasing  clearness.  In  the  north,  between  the  Siskiyou  moun- 
tains and  the  Cascade  range  (south  Oregon),  the  Cretaceous  formation, 
according  to  Whitney,  is  upturned.  On  the  western  side  of  the  sierra 
Nevada  the  upper  Cretaceous  lies  horizontally  in  the  foothills.  In  the 
Coast  ranges  the  middle  Tertiary  beds  have  also  been  involved  in  the  fold- 
ing. The  age  of  the  folds,  as  far  as  the  position  of  the  beds  gives  evidence 
of  it,  thus  differs  locally.  The  faults  and  subsidences,  it  is  true,  are  also 
of  different  age,  but  the  way  in  which  they  intersect  the  folded  bands 
leaves  no  room  for  doubt  that  they  are  younger  than  these.  Most  observers 
hold  the  view  that  they  are  very  recent,  and  that  even  the  movements 
taking  place  at  the  present  day  are  a  continuation  of  the  great  process  of 
subsidence.  Gilbert's  observations  on  the  more  recent  dislocations  along 
the  Wahsatch  fault  have  already  been  mentioned  (I,  p.  578).     It  is  asserted 

^  J.  S.  BiUer,  Notes  on  the  Geology  of  North  California;  Boll.  U.S.  Geol.  Surv. 
Territories,  No.  33,  1886,  pp.  373-387. 

'  G.  F.  Becker,  Notes  on  the  Stratigraphy  of  California,  Bull.  U.S.  Geol.  Surv. 
Territories,  No.  19,  Washington,  1885,  p.  212 ;  Cretaceous  Metamorphic  Rocks  of  California, 
Amer.  Joum.,  1886,  3rd  ser.,  XXXI,  pp.  348-357,  &c. ;  for  the  palaeontological  evidence 
of  the  Aucella  beds,  C.  A.  White,  On  the  Mesozoic  and  Cainozoic  Palaeontology  of  Cali- 
fornia, Bull.  U.S.  Geol.  Surv.  Territories,  No.  15,  1885,  pp.  7-32. 
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icjkT.  xu:  ^Aniyyzjkkr  cf  ^UrA  36  1%^.  oa  the  cmk  facxder  of  the  aem 
N':'>.'ift  I.  p.  74  TM  ^eojCL^mz^i  bj-  *  didocttian.  and  Reycr  daaiba 
ie^po^ilfth^  ;^7v:i^  c^i^  oa  lAk<(  F:irdTOe  vhiek  haTe  been  cot  through  by 
y^t'^y.tiiL.  £mi1^*.  Whf,:n  the  'iifViiihrgvii  ana  of  the  Bam  lango; 
aori  lAJXmi^.j  in  tbe  zr.frci^m  pan  <^  sooth  Oregon,  BnsBjfll  has  tneed 
fr*ah  ixidicarkiCk^  of  qoiu:  nosnt  moTemenBi,  noc  ycc  eoreged  bjr  Tegeiitki, 
aod  ^zXi^xAin^  for  great  distanees  akng  anriffit  fanlt-lmea^  Tliey  tnvene 
r»«Dt  t^rrac^  acid  eocMss  of  d^ris.  and  may  attam  a  thiov  of  fifty  btt; 
KoffKrll  thickii  that  some  of  them  have  bem  peodneed  within  the  lait  fei 
yean,  arid  be  gi^«  instanees  from  Sarpffiae  valley  (long:  ISQT  W^  kt 
4r'-42''  N.I,  which  is  oft^ro  visited  by  earthquakes ^ 

In  Central  America  the  oordillera  of  the  AntilleB  is  tsoken  off  towaidi 
the  Pacific  Ocean  (I,  p.  542). 

Tfaroagh  the  whole  of  Sooth  America  as  far  as  eape  Horn,  the  coone  of 
the  coast,  SA  we  have  already  seen,  is  determined  by  the  moonftain  diaina 


>  £.  B«xer.  Zw^i  Profile  dnrch  die  Siem  Nerads:  N.  Jshxh.  IGn^  SnppleBOl, 
IV.  li'J'A  pp.  291-326.  map. 

*  J,  C.  BoMell,  A  Geological  Reconnoiuance  in  Soath  Oregon ;  IV  Report  of  tk 
Ana.  R^p.  U.  H.  GeoL  Sorr..  1^^-1^V3.  ^ro.  1^A|.  pp.  i31-46i  in  r^^''"i«ir  pfk  4l2et 
teri.  The  attempu  made  to  draw  definite  conclmions  m  to  the  penisteiioe  of  teetenc 
movementA  from  the  beharioor  of  riTen  do  not  teem  to  me  at  pirat  iii  to  have  led  ti 
fjmrin'Au^  reiultt,  for  the  qaeition  ifl  affected  bj  diiplacementa  of  the  rtiaad-linep  ^diick 
muH  \t^:  r'Tffarde'l  su  independent  of  these  tectonic  moTcmenta ;  cf.  J.  le  Coaie,  A  Poa- 
Tertiary  Rl<:vation  of  the  Soath  Nevada  shown  by  the  River-bedi^  Amer.  Joan.,  188€, 
Zrd  ler.,  XXXII,  pp.  167-181. 
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CHAPTER  IV 

COMPARISON  OP  THE  ATLANTIC  AND  PACIPIC 

OUTLINES 

The  Atlantic  stracture.  The  Pacific  structure.  Their  diBsimilarity.  Distribution  of 
ialands  and  yolcanos.  Overthrusting  of  the  depressions.  Progressive  completion  of  the 
MesoEoic  series  towards  the  Pacific  coast. 

The  contents  of  the  two  preceding  chapters  have  now  placed  us  in 
a  position  to  appreciate  more  precisely  the  distinction  which  exists  between 
the  Atlantic  and  Pacific  coasts. 

Let  us  first  recall  the  strange  approach  to  a  symmetrical  arrangement 
which  manifests  itself  in  the  Atlantic  region. 

In  the  north  stands  the  wedge-like  mass  of  Greenland ;  on  each  side  of 
it  lies  an  arm  of  the  sea.  On  the  west  the  mainland  begins  with  an 
imposing  range  of  very  ancient  gneiss,  which  borders  the  west  coast  of 
Baffin  bay  and  Davis  strait,  and  extends  nearly  as  far  as  the  strait  of  Belle 
Isle.  On  the  east  a  similar  chain  of  gneiss  forms  the  greater  part  of  the 
islands  and  coasts  of  northern  Norway ;  it  appears  to  find  its  continuation 
in  the  gneiss  of  the  outer  Hebrides. 

Within  the  Hebrides  follow  the  pre-Devonian  overthrust  folds  of  the 
Caledonian  chain ;  I  know  of  nothing  similar  in  America. 

We  now  encounter  in  the  west  the  Canadian  shield  with  its  fiat 
bedding,  and  the  shallow  pan  of  Hudson  bay  surrounded  by  a  girdle  of 
glint  lakes.  In  the  east  we  have  the  Baltic  shield,  with  the  Palaeozoic 
beds  lying  equally  fiat  upon  abraded  Archaean  folds,  and  the  shallow 
Baltic  pan  likewise  surrounded  by  a  girdle  of  glint  lakes.  It  is  only  by 
regarding  certain  fiat-bedded  patches  as  representing  the  border  of  the 
Canadian  shield,  that  it  can  be  said  to  reach  the  open  Ocean  at  all,  and 
then  it  forms  only  a  very  short  stretch  of  coast  along  the  strait  of  Belle 
Isle.  The  Baltic  shield  is  nowhere  in  contact  with  the  Atlantic  Ocean, 
properly  so  called.  On  the  other  hand  both  shields  reach  the  Arctic 
Ocean;  Coronation  gulf  in  the  west,  the  Varanger  fjord  in  the  east, 
and  to  a  certain  extent  also  the  gulf  of  Onega,  present  the  characters 
of  glint  bay& 

Beyond  the  strait  of  Belle  Isle  follow  the  jagged  rias  coasts  of  New- 
foundland, New  Brunswick,  and  Nova  Scotia,  where  the  folds  of  the 
mountain  ranges  which  were  elevated  towards  the  end  of  the  Carboniferous 
period  sink  beneath  the  sea.    These  mountain  ranges  are  folded  to  the 
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north-west  and  north,  and  their  outer  border  coincides  with  the  right  bank 
of  the  lower  St.  Lawrence  and  the  east  shore  of  Belle  Isle  strait  The 
gulf  of  St.  Lawrence  forms  the  boundary  of  these  folded  ranges;  the 
island  of  Anticosti  does  not  belong  to  them,  but  to  the  border  of  the  shield 
To  this  rias  coast  corresponds  in  Europe  the  rias  coast  of  the  Armorican 
range,  which  is  also  in  its  main  features  post-Carboniferous,  certainly  pre- 
Permian  in  age,  and  which  extends  from  the  Shannon  nearly  to  La 
Bochelle.  This  range  is  cut  through  by  St.  George's  channel  and  the 
English  channel ;  it  is  folded  to  the  north-east,  north,  and  finally  to  the 
north-north-west. 

In  Europe  the  next  part  of  the  Atlantic  coast  further  south  is  occupied 
by  the  last  outposts  of  the  Pyrenees ;  we  may  regard  the  formation  of  this 
chain,  together  with  the,  Alps,  as  subsequent  for  the  most  part  to  the 
subsidence  of  the  pre-Permian  ranges,  the  course  of  both  being  to  a  large 
extent  determined  by  the  trend  of  those  older  mountains  and  by  ihe 
position  of  their  faulted  margins. 

The  overthrusting  of  the  northern  border  appears  to  be  less  marked 
than  in  other  European  ranges ;  towards  the  west,  in  the  north  of  Spain, 
this  border  reaches  the  sea,  but  it  has  collapsed  in  the  Basque  provinces 
(I,  p.  289 ;  II,  p.  121).  Then  comes,  along  the  north-west  coast  of  Spain, 
the  fractured  margin  of  that  group  of  structures,  almost  unique  in  their 
arrangement,  which  form  the  basin  of  Asturias,  and  indeed  in  such  a 
manner  that  the  several  members  of  this  basin  become  more  and  more 
perpendicular  to  the  coast  as  they  strike  out  to  sea.  This  basin  also  is 
of  pre-Permian  age,  and  it  looks  as  if  it  were  about  to  repeat  itself  in  the 
sudden  bend  of  the  Betic  cordillera  in  the  straits  of  Gibraltar. 

It  is  the  fragmentation  and  reconstruction  of  the  folded  ranges  which 
have  given  to  the  coast  of  western  Europe  its  variety  of  form.  These 
processes  did  not  occur  in  North  America,  and  there  a  mediterranean  sea 
bounded  towards  the  Ocean  by  the  arc  of  the  Antilles  lies  much  farther 
south  than  in  Europe.  In  Europe  the  arc  of  the  Antilles  finds  its  precise 
homologue  in  the  arc  of  the  Betic  cordillera. 

The  Alleghajiies  and  all  the  other  folded  ranges  of  eastern  North 
America  as  far  as  Newfoundland  are  folded  away  from  the  Atlairtic  Ocean 
and  turn  their  inner  side  and  their  oldest  rocks  to  it.  Our  increasing 
knowledge  of  the  mountains  of  Brazil  shows  us  more  and  more  clearly  that 
the  folding  in  all  the  chains  of  this  region  is  also  turned  away  from  the 
Atlantic  in  the  direction  of  the  Andes,  so  that  the  innermost  zones  lie  next 
this  Ocean.  Consequently  the  arc  strikes  out  to  sea  in  cape  Corrientes  and 
Staten  island. 

In  west  Africa  the  end  of  the  great  Atlas  is  unknown ;  the  south  shows 
fractured  table-land. 

With  the  exception  of  the  cordillera  of  the  Antilles  and  the  m4)V/ntmn 
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fragfaent  of  Gibraltar^  which  form  respectively  the  bouTidary  of  the  two 
TnediterraThean  seas,  the  outer  aide  of  a  folded  range  nowhere  determinea  the 
outline  of  the  Atlantic  Ocean,  The  older  folded  ranges  which  extend  from 
Maine  to  Newfoundland  turn,  it  is  true,  their  outer  side  to  the  lower 
St.  Lawrence  and  the  strait  of  Belle  Isle,  but  where  they  reach  the  great 
Ocean  they  disappear  beneath  it.  The  inner  sides  of  folded  ranges^  jagged 
Trias  coa^sts  which  indicate  the  subsidence  of  mountain  chains,  fractured 
Tnargins  of  horsts,  and  fractured  tahle-lamd  form  the  diversified  boundary 
of  the  Atlantic  Ocean. 

The  same  structure  also  characterizes  the  coast  of  the  Indian  Ocean  as 
far  to  the  east  as  the  mouths  of  the  Ganges,  where  the  outer  border  of 
the  Eurasian  chains  meets  the  sea.  The  Erythraean  trough,  the  fracture 
of  the  Quathlamba  in  Natal,  as  well  as  that  of  the  Sahy&dri  in  India,  and 
the  structure  of  Madagascar,  the  faults  of  which  have  been  recently 
described  by  Cortese,  indicate  that  the  structure  of  this  region  has  been 
determined  by  tabular  fractures  ^.  It  is  only  in  the  Persian  gulf  that  some 
of  the  outer  Iranian  zones  reach  the  sea. 

The  west  coast  of  Australia  likewise  exhibits  Atlantic  structure.  From 
the  arrangement  of  the  folded  ranges  we  know  that  they  turn  their  convex 
side  to  the  Pacific  Ocean,  and  a  comparison  with  South  America  shows  that 
from  the  continent  of  Australia  as  far  as  New  Zealand  and  probably  New 
Caledonia,  a  more  or  less  concentric  system  of  folds  is  present,  turned 
towards  the  Pacific  side. 

The  west  coast  of  Australia  thus  presents  much  the  same  relations  as 
that  of  the  east  coast  of  Brazil. 

The  borders  of  the  Pacific  Ocean  may  be  divided  for  convenience  into 
five  parts. 

The  first  is  formed  by  the  arc  of  the  Aleutian  islands.  While  the 
north  of  the  Atlantic  Ocean  is  characterized  by  the  Archaean  mass  of 
Greenland,  here  on  the  other  hand  is  swung  an  islan(^  '^rc,  afibrding  with 
its  folded  Mesozoic  beds  and  its  inner  zone  of  active  volcanos  a  complete 
contrast  of  structure.  The  syntactic  angles  of  the  arcs  in  the  north  Pacific 
Ocean  at  once  recall  the  relations  of  the  mountain  chains  of  India 
(I,  p.  462). 

The  second  part  consists  of  the  wed  coast  of  North  America,  from  the 
gulf  of  Eenai  down  to  the  coast  of  Mexico.  The  Queen  Charlotte  islands 
are  regarded  by  Canadian  geologists  as  an  outer  chain  of  the  Cordilleras. 

The  third  part  is  South  America ;  it  begins  in  Guatemala,  where  the 
Cordillera  of  the  Antilles  strikes  across  Central  America,  is  divided  into 
two  by  a  syntaxis  in  the  gulf  of  Arica  and  prolonged  in  an  arc  to  the 
south  beyond  cape  Horn.    This  part  is  characterized  by  the  coast  Cordillera, 

^  E.  Cortese,  Una  escursione  al  Madagascar,  Boll.  R.  Com.  Geol.  dltalia,  1887,  XYIII, 
pp.  129-134 ;  and  Osservazioni  geognostiche  sul  Madagascar,  torn,  cit.,  pp.  181-191. 
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where  the  stratified  series  does  not  appear  to  begin  till  the  Neooomiioi ;  h 
recalls  in  many  respects  the  coast  chains  of  California,  as  well  as  the 
Nioobars  and  Andamans,  which  have  a  similar  stracture. 

The  fourth  part  is  formed  by  the  area  of  eastern  Asia,  which  we  have 
recognized  in  many  of  their  most  important  s^ments  as  the  recnnred 
extremities  of  the  great  chains  of  centiul  Asia;  they  are  not  syntactic 
after  the  manner  of  independent  arcs,  but  lie  one  behind  the  other,  forming 
the  termination  of  a  series  of  chains  folded  in  the  same  direction  and 
belonging  to  a  single  system.  The  great  Malay  arc  marks  the  southern 
border  of  this  system.  Timor  and  Soemba  lie  outside  it ;  whether  these 
two  islands  should  be  included  in  the  Australian  region  must  for  tiie 
present  remain  undecided. 

As  the  fifth  part  we  regard  the  AudraUan  chains  together  with  New 
Zealand  and  New  Caledonia.  An  opportunity  has  already  presented  itself 
of  comparing  the  Australian  chains  of  the  Flinders  and  Adelaide  ranges  as 
far  as  the  east  coast  with  the  meridional  sierras  in  the  west  of  Cordova 
The  absence  of  middle  Tertiary  deposits  over  the  whole  of  the  eastern 
coast  of  Australia  and  Van  Diemen's  Land,  in  contrast  to  their  rich 
development  on  the  south  coast  of  Australia  and  in  Bass  strait,  leads  to 
the  supposition  that  the  continent  east  of  the  existing  coast  has  only  in 
comparatively  recent  times  subsided  to  the  great  depths  which  are  now 
known  to  occur  in  this  region. 

To  complete  the  boundary  of  the  Pacific  Ocean  we  should  here  add, 
perhaps,  a  south  part,  the  Antarctic^  but  the  accounts  at  our  disposal  of 
this  region  are  too  fragmentary  to  be  of  any  value.  The  syntaxis  of  an 
arc  lying  outside  the  Australian  system  with  the  south  side  of  New 
Zealand  (II,  p.  183,  Fig.  16)  is  not  without  suggestiveness.  In  the  more 
southern  latitudes,  H.  Reiter  has  concluded  from  the  observations  of 
travellers,  that  the  regions  corresponding  to  the  Pacific  Ocean  and  those 
lying  further  to  the  east,  from  the  Balleny  islands  and  Victoria  land  to 
the  south  Orkneys,  are  constructed  on  the  Pacific  type ;  the  other  regions, 
however,  on  the  Atlantic  type  ^.  It  is  possible  that  this  conjecture  may  be 
confirmed  some  day  by  fresh  discoveries. 

With  the  exception  of  a  part  of  the  coast  of  central  America  in 
GuateToala,  where  the  bending  Cordillera  of  the  Antilles  has  sunk  in,  the 
whole  border  of  the  Pacific  Ocean,  wherever  it  is  knovm  in  any  detail,  is 
formed  of  mountain  chuins  folded  towards  the  Ocean  in  such  a  manner 
that  their  outer  folds  either  form  the  boundary  of  the  mainland  itedf  or 
lie  in  front  of  it  as  peninsulas  and  island  chains 

No  folded  range  turns  its  inner  side  to  the  Pacific;  no  table-land 
reaches  the  shores  of  this  Ocean. 

^  H.  Reiter,  Die  Sfidpolarfrage  und  ihre  Bedeutung  fi&r  die  genetische  Gliedenmg  der 
Erdoberfl&che,  8vo,  Weimar,  1886,  34  pp.,  map. 
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In  the  AtUmtic  region  the  shallow  basin  of  Hudson  bay  on  the 
Canadian  shield  oorresponds  to  that  of  the  Baltic  and  the  gulf  of  Bothnia 
on  the  Scandinavian  shield.  The  irregular  arms  of  the  sea  around  the  gulf 
of  St.  Lawrence,  between  the  rias  coasts  of  the  ancient  mountain  folds  of 
New  Brunswick,  cape  Breton,  and  Newfoundland,  occupy  a  position  similar 
to  that  of  the  English  channel  which  crosses  the  Armorican  folds.  The 
great  inbreak  of  the  foreland  of  the  Antilles  occupied  by  the  gulf  of 
Mexico  finds  no  counterpart  in  the  European  region,  where  a  dominant 
character  is  the  repeated  formation  of  mountain  chains;  the  Caribbean 
sea  represents  the  Mediterranean,  unless,  indeed,  we  prefer  to  compare  it 
with  the  basin  of  Asturias. 

The  volcanic  islands  stand  in  groups,  like  the  Azores,  the  Canary 
islands,  and  the  Cape  de  Verde  islands,  or  run  in  straight  lines  as  in  the 
prolongation  of  the  Cameroons  in  the  gulf  of  Guinea.  The  coral  reefs  of 
the  Laccadives  and  Maladives,  as  far  as  the  Chagos  islands,  also  lie  in 
a  straight  line.  Volcanos  arranged  in  curved  lines  only  occur  in  one 
of  the  two  regions  in  which  the  Pacific  type  encroaches  on  the  Atlantic 
region,  namely  in  the  Antilles. 

Kerguden,  according  to  the  investigations  of  Studer,  Moseley,  and 
Benard,  consists  of  successive  sheets  of  lava,  chiefly  basic  ^  These  rise  in 
great  terraces  one  above  the  other ;  the  trachytes  and  phonolites  appear  to 
be  older  than  the  basalts.  Between  the  basic  flows  there  exist  in  some 
places  intercalated  beds  of  lignite,  sometimes  with  trunks  of  great  conifers, 
probably  the  relics  of  ancient  forests.  These  facts  show  that  Eerguelen  is 
the  remains  of  a  once  more  extensive  land  and  that  the  outflows  did  not 
take  place  beneath  the  sea.  This  resemblance  with  the  Faeroe  islands  and 
Iceland  is  very  remarkable. 

In  the  Pacific  region,  on  the  other  hand,  and  particularly  in  that  part 
of  it  which  belongs  to  Eurasia,  the  arc-like  disposition  and  the  'hinder 
seas'  within  the  arcs  are  characteristic.  We  may  doubtless  regard  that 
branch  of  the  Mediterranean  which  lies  to  the  north  of  Gandia  and  Cyprus 
as  a  representative  of  these  hinder  seas  of  eastern  Asia ;  the  gulf  of  Pegu 
is  another  example  of  this  relation  which  recurs  under  various  forms  as  far 
as  Behring  sea.  It  is  less  marked  on  the  west  coast  of  America.  The 
boundaries  of  the  strait  lying  on  the  inner  side  of  Queen  Charlotte  islands 
are  particularly  incomplete.  The  gulf  of  California,  on  the  prolongation 
of  the  valleys  of  San  Joaquin  and  the  Sacramento,  as  well  as  the  gulf  of 
Corcovado  on  the  prolongation  of  the  longitudinal  valley  of  Chili — both  of 
them  clearly  determined  by  the  strike  of  the  mountain  chain — differ  to 

'  T.  Studer,  Geologische  Beobachtungen  auf  Kerguelenland,  Zeitschr.  deutsch.  geol. 
Ges.,  1878,  XXX,  pp.  327-350,  map,  pi.  xv ;  H.  N.  Moseley,  Notes  of  a  Naturalist  on  the 
'  Challenger,'  pp.  184-215  ;  A.  F.  Renard,  Notice  sur  la  geologie  de  Tile  de  Kerguelen, 
Bull.  Mus.  R.  d'Hist.  nat.  de  Bruxellei,  1886,  IV,  pp.  223-272,  pi.  v. 
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some  extent  from  the  hinder  seas  of  eastern  Asia.  They  do  not  lie  behind 
the  Cordilleras,  but  between  the  coast  chain  and  the  principal  cordillera,  or 
entirely  within  the  coast  chain,  as  happens  in  the  south,  and  these  pecn- 
liarities  are  repeated  with  slight  modification  in  the  strait  of  Shechelov 
and  Eenaj'  sound. 

The  mountain  arcs  which  characterize  the  boundaries  of  Eurasia^  and  in 
particular  of  eastern  Asia,  exhibit  the  arcuate  plan  in  almost  every  possible 
stage  of  existence.  Beginning  with  a  completed  cordillera  with  volcano8 
alined  on  its  inner  side,  as  in  Italy — or  upon  its  inner  side  and  in  the  midst 
of  the  cordillera  itself,  as  in  north  and  south  Japan — ^we  pass  to  a  cor- 
dillera cut  off  by  the  sea  and  prolonged  by  a  mere  chain  of  islands^  with 
volcanos  rising  out  of  the  sea,  as  in  the  chain  of  Pegu  (coast  of  Arakan, 
Nicobars,  and  Andamans)  with  the  volcanos  of  Puppa  Doung,  Chouk  Talon, 
Barren  island,  and  Narkondam,  on  the  inner  side;  and  then  to  an  arc 
having  no  visible  attachment  to  the  mainland,  with  fragments  of  the 
cordillera  forming  an  outer  chain  of  islands  and  volcanic  mountains  an 
inner  chain,  as  in  the  Liu-Kiu;  next  to  a  volcanic  arc  with  the  merest 
remnants  of  a  cordillera,  as  in  Java ;  and  finally  to  a  volcanic  arc  alone,  as 
in  the  Kuriles,  unless,  indeed,  the  east  of  Kamchatka  represents  a  part  of 
the  cordillera  of  these  islands. 

The  case  is  similar  as  regards  the  outer  Australian  arcs.  If  we  accept 
Dana's  views  as  to  the  trend-lines  of  the  Polynesian  islands  we  must  regard 
not  only  New  Caledonia  with  the  Lousiade  group,  but  also  the  Loyalty 
islands  and  the  whole  zone  of  the  New  Hebrides,  the  Solomon  islands.  New 
Ireland,  and  the  Admiralty  group  as  outer  arcs  of  the  Australian  region. 

Whatever  may  be  the  true  relation  of  this  chain  of  islands  to  the 
mountain  ranges  of  Australia,  it  is  certain  that  in  advancing  towards  the 
Ocean  the  arrangement  of  the  islands  becomes  less  and  less  arcuate.  To 
the  east,  on  the  west  coast  of  central  America  occurs,  as  we  have  seen,  the 
only  case  in  which  a  folded  range  is  cut  directly  across  by  the  Pacific 
coast.  This  is  the  cordillera  of  the  Antilles,  with  its  well-known  re- 
semblance to  the  Cordilleras  of  South  America.  Precisely  at  that  point 
where  the  arcuate  continuation  of  this  chain  might  be  expected  to  meet 
the  principal  chains  of  South  America,  lie  the  volcanic  Galapagos — a 
sporadic  group  presenting  the  same  form  of  association  as  occurs  elsewhere 
in  the  Atlantic  region  (I,  p.  143). 

We  have  quoted  Richthofen's  observation  that  *  certain  facts  point  to 
step  faults  on  the  grandest  scale  as  forming  the  boundary  of  the  Pacific 
basin  ^'    Drasche  believed  that  it  would  be  sound  geology  to  draw  the 

*  P.  von  ijichthofen,  Fiihrer  ftir  Forschungsreisende,  8vo,  Berlin,  1886,  p.  605.  We 
may  remark  in  passing  on  the  concordance  in  the  results  obtained  by  investigatoxB  in 
describing  the  c^ontinental  margins ;  see  C.  V^lain,  Les  Volcans,  8vo,  Paris,  1884,  p.  126, 
figs.  42  and  43,   and  J.  Walther,  tJber  den  Bau  der  Flezuren  an  den  Grensen  der 
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western  boundary  of  the  Pacific  Ocean  outside  the  island  arcs  from 
Kamchatka  through  Japan  and  onwards  from  New  Zealand  through 
Auckland  and  Macquarie  islands  to  Victoria  land  in  the  Antarctic  region  ^. 
In  any  case  we  see  how  the  volcanic  circle  of  the  Pacific  resolves  itself  into 
a  series  of  arcs.  Many  of  these  lie  inside  the  fragmentary  remains  of 
a  Cordillera ;  others,  especially  the  giant  volcanos  of  South  America,  stand 
upon  the  Cordilleras  themselves.  Further,  we  can  now  clearly  recognize 
that  the  hypothesis  of  the  formation  of  folded  chains  by  the  thrusting 
from  the  Ocean  towards  the  land  of  the  border  of  a  sinking  basin  or 
geosynclinal  is  in  no  way  founded  on  fact.  There  is  no  geosyndinal  in 
the  world  greater  than  the  Pacific,  and  the  mountain  ranges,  so  far  from 
being  turned  away  from  it,  are  turned  in  the  opposite  direction,  facing  it, 
and  so  afford  an  example  on  the  grandest  scale  of  the  general  tendency  to 
overthrust  the  depressions  (I,  p.  143). 

The  march  of  thp  folded  ranges  on  the  borders  of  the  Pacific  is 
accompanied  both  in  North  and  South  America  by  a  general  descent  of 
the  mainland  in  the  opposite  direction,  that  is  towards  the  Atlantic,  and 
on  both  continents  almost  the  whole  of  the  rainfall  flows  away  on  this  side. 
The  same  is  true,  although  not  in  so  marked  a  manner,  of  the  other 
continents.  A.  von  Tillo  has  described  the  line  which  runs  from  cape 
Horn  along  the  west  coast  of  America  to  Behring  strait,  and  from  there 
through  the  middle  of  Asia  across  the  coast  of  Syria  east  of  the  Nile  to 
the  cape  of  Good  Hope,  as  'the  chief  watershed  of  the  globed'  When  we 
include  Arabia  and  India  also  in  the  region  bounded  by  coast  built  on  the 
Atlantic  type  we  realize  how  disproportionately  large  is  the  volume  of 
fresh  water  which  it  supplies  to  the  sea. 

A  last  important  character  should  here  find  mention.  This  is  the 
completion  of  the  marine  Meaozoic  aeries  which  we  perceive  as  we  approach 
the  Pa/Afijc  coasts.  On  the  Atlantic  coasts  nothing  similar  is  to  be  observed. 
This  fact,  so  important  in  the  history  of  the  Oceans,  will  clearly  appear  in 
the  following  chapters. 

Eontinente,  Zeitschr.  Naturwiss.,  Neue  Folge,  Jena,  1886,  XIII,  Taf.  xii,  fig.  3.  Walther 
lays  particular  stress  on  Scrope*s  view,  that  eruptions  predominate  in  those  parts  where 
the  convexity  turns  downwards. 

^  R.  von  Brasche,  Uber  pal^zoische  Schichten  auf  Kamtschatka  und  Luzon ;  N.  Jahrb. 
Min.,  1879,  pp.  265-269. 

'  A.  von  Tillo,  Ein  Wort  Qber  die  Hauptwasserscheide  der  Erde ;  Peterm.  Mitth.,  1887, 
XXXIH,  p.  101. 
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CHAPTER   V 
PALAEOZOIC  SEAS 

Introduction:  The  abyssal  region;  cycles;  thickness  of  the  sediments.  Hie 
Noith  Atlantic  continent.  Upper  limit  of  the  Silurian.  Universality  of  the  middle 
Devonian  transgression.  The  Carboniferous  system.  Paralic  beds.  Alternation  of  coal . 
beds  and  marine  sediments.  Transgression  of  the  Carboniferous  limestone.  The 
Permian  system.    Gondwana  land.    General  Survey. 

The  object  of  the  next  three  chapters  is  not  to  give  a  oomplete  survey 
of  the  results  of  stratigraphical  geology.  From  the  earliest  times  the 
starting-point  of  all  the  various  theories  which  relate  to  changes  of  land 
or  sea  has  been  the  remarkable  fact  that  we  find  in  the  midst  of  the  land 
the  remains  of  shells  or  fishes  belonging  to  the  sea.  This  was  the  problem 
which  first  pressed  for  solution ;  now  another  question  confronts  iis»  and 
we  must  seek  to  determine,  by  means  of  the  facts  ascertained  in  the  studj 
of  strata,  whether  the  conditions  under  which  inundation  and  emeigence 
took  place  in  early  times  were  of  such  a  nature  as  to  compel  us  to  seek 
their  explanation  in  secular  oscillations  of  the  continents,  or  whether,  <m 
the  contrary,  this  hypothesis  is  incompetent  to  explain  them.  We  are 
thus  led  to  consider  the  successive  changes  in  the  extension  of  the  seas,  and 
at  the  same  time  the  various  nature  of  the  sediments. 

While  dealing  with  the  first  point  we  shall  have  occasion  to  refer 
in  greater  detail  to  the  fact  mentioned  at  the  conclusion  of  the  last  chapter 
— that  the  Mesozoic  series  grows  more  complete  as  we  proceed  from  the 
interior  of  the  continents  towards  the  Pacific  Ocean.  In  the  second  place, 
in  treating  of  the  Carboniferous  period,  the  formation  of  the  Coal-measures 
must  be  carefully  discussed,  for,  in  explanation  of  this,  it  has  been  assumed 
without  hesitation  that  the  solid  land  may  have  oscillated  up  and  down 
as  many  as  a  dozen  times,  or  even  more.  In  our  treatment  of  the  Mesozoic 
aera  and  subsequent  periods  we  must  pay  particular  attention  to  the  nature 
of  the  calcareous  formations. 

The  treatment  of  the  subject  will  consequently  be  very  unequal,  and 
only  such  facts  will  be  chosen  as  have  an  important  bearing  on  the  question 
at  issue. 

A  study  of  the  history  of  the  seas  must  certainly  be  based  on  a 
knowledge  of  their  existing  state.  This  knowledge,  however,  is  very 
fragmentary.  The  expeditions  undertaken  in  recent  times  to  explore  the 
deep  regions  of  the  ocean  have    brought  to   light   so  many  new  and 
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unexpected  facts,  that  it  is  evident  we  have  as  yet  scarcely  crossed  the 
threshold  of  great  discoveries  in  this  field  of  investigation.  But  these 
explorations  are  attended  by  every  kind  of  difficulty ;  isolated  soundings, 
separated  by  great  intervals,  are  only  obtained  here  and  there.  The  slopes 
of  our  mountains,  on  the  other  hand,  reveal  to  the  eye,  in  innumerable 
exposures,  vast  masses  of  sediments  accumulated  at  various  depths  in  the 
ancient  seas,  together  with  the  remains  of  the  animals  which  peopled  them. 

Among  these  ancient  formations  we  may  distinguish  those  which  have 
been  deposited  by  evaporation  from  solution,  such  as  gypsum  and  rock- 
salt;  next  clastic  sediments,  i.  e.  those  which  have  been  mechanically 
transported  and  then  deposited  on  the  bottom,  such  as  sand  and  mud ;  and 
finally  organic  formations,  such  as  coral  reefs,  which  have  been  constructed 
by  living  creatures.  In  addition  to  these  three  chief  groups,  two  others 
must  also  be  mentioned.  They  both  resemble  clastic  formations  in  many 
important  respects,  but  their  material  is  not  derived  from  the  solid  land, 
which,  as  is  generally  admitted,  is  the  source  of  clastic  deposits,  but  from 
the  depths  of  the  sea  itself.  These  are,  first,  volcanic  ashes  and  scoriae, 
which  rise  from  the  bosom  of  the  earth  and  spread  themselves  out  over 
the  floor  of  the  ocean;  and  secondly,  the  remains  of  the  hard  parts  of 
calcareous  or  siliceous  organisms,  such  as  Radiolaria  and  Globigerinae, 
which,  together  with  fragments  of  shells  and  other  d^ris,  form  a  silt  of 
organic  origin,  and  these  have  contributed  largely  to  the  sediments  of 
ancient  seas,  now  forming  a  visible  part  of  the  earth's  crust. 

The  chemical  composition  of  beds  of  rock-salt  and  its  associated 
minerals,  shows  that  the  substances  held  in  solution  by  the  sea  were  the 
same  in  the  past  as  in  the  present.  But  as  soon  as  we  leave  these  products 
of  evaporation,  formed  in  lagoons  or  in  more  or  less  enclosed  arms  of  the  sea, 
and  turn  to  the  depths  of  the  Ocean,  the  difficulties  of  comparison  increase. 

In  existing  seas  the  temperature  remains  constant  from  a  certain  depth, 
which  diminishes  towards  the  poles,  down  to  the  bottom.  The  sun  does 
not  penetrate  into  this  abyssal  region,  the  manifold  influence  of  diurnal 
and  seasonal  changes  or  diflerences  in  latitude  does  not  aflect  it.  The  same 
climate  prevails  in  the  depths  of  all  the  oceans,  and  a  uniform  fauna 
characterizes  them,  exposed  to  no  change  of  conditions  except  differences 
of  pressure,  which  correspond  to  differences  of  depth.  Thus  it  appears,  as 
recorded  by  Wyville  Thomson,  that  the  Challenger  in  dredging  below 
500  to  600  fathoms  everywhere  brought  to  the  surface  a  fauna  identical 
in  all  essential  features,  in  the  Indian  Ocean  as  in  the  Southern  Ocean 
down  to  the  Antarctic  circle ;  in  the  Pacific  Ocean,  both  north  and  south ; 
and  in  the  different  regions  of  the  Atlantic  Ocean  ^. 

*  C.  Wyville  Thomson,  Report  on  the  Scientific  Results  of  the  Voyage  of  H.M.S. 
Challenger^  daring  the  years  1873-1876,  under  the  command  of  Captain  G.  S.  Nares  and 
Captain  F.  T.  Thomson ;  Zoology,  I,  London,  1880,  pp.  43-50. 
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It  is  not  until  we  reach  the  shallower  zones  of  the  sea  that  the 
differences  in  warmth  and  illumination  begin  to  manifest  themselves,  the 
distinction  of  climates  makes  itself  felt,  and  zoological  provinces  assmne 
definite  limits.  The  diversity  in  external  conditions  of  existence  increases 
as  we  approach  the  shore,  and  with  it  the  multiplicity  of  living  forms 
themselves ;  and  beyond  the  margin  of  the  tides,  on  the  dry  land,  where 
the  rays  of  the  sun  have  only  to  penetrate  the  atmosphere,  and  where  lungs 
have  taken  the  place  of  gills,  not  only  the  variety  but  the  variability 
of  external  conditions  reaches  its  maximum.  We  can  now  more  easily 
understand  the  extraordinarily  wide  distribution  of  certain  marine  faunas 
in  early  times;  it  is  also  comprehensible  that  on  dry  land  and  in  the 
shallower  zones  of  the  sea  the  displacement  or  even  the  extinction  of 
faunas  may  be  brought  about  by  altered  conditions  of  existence.  But  this 
renders  it  all  the  more  difficult  to  explain  the  fact  that  the  cosmopolitan 
abyssal  fauna,  exposed  to  no  difference  of  temperature  and  hardly  even  sub- 
ject to  change  of  place,  should  yet  have  likewise  suffered  transformations. 

Thus  the  whole  of  the  animal  world  which  forms  the  biosphere  falls 
into  two  chief  groups,  according  to  its  habitat,  of  which  one  is  onder  the 
influence  of  the  sun,  the  other  withdrawn  from  this  influence.  The  first 
group  comprises  the  inhabitants  of  the  land,  of  fresh  water,  and  of  isolated 
zones  of  the  sea ;  the  second  group  is  the  abyssal  circle  of  living  things. 

The  absence  of  sunlight  in  any  region  inhabited  by  living  beings, 
whether  in  a  csAre,  or  the  depths  of  a  lake,  or  the  bottom  of  a  well,  or 
finally  in  the  abysses  of  the  Ocean,  betrays  its  effects,  in  the  most  diverse 
classes  of  the  animal  kingdom,  most  obviously  by  modification  or  atrophy 
of  the  eye.  A  great  number  of  animals  in  the  abyssal  regions  are  blind, 
so  were  many  Trilobites  of  the  lower  Silurian,  and  particularly  of  the 
Cambrian  seas — a  correspondence  which  has  been  repeatedly  pointed  out; 
the  phenomenon,  however,  is  so  peculiar  that  it  deserves  to  be  illustrated 
by  a  few  examples. 

A  little  blind  Arthropod,  Gecidotaea  stygia,  which  lives  in  the  caves  of 
North  America,  is  closely  related  to  Asellue  corariMinia,  which  possesses 
sight  and  does  not  inhabit  caves ;  it  looks  like  an  emaciated,  badly  armed 
Asellus  which  has  lost  its  eyes.  Its  introduction  into  the  caves  must  be 
later  than  the  time  when  the  river  terraces  were  being  formed  in  the 
valleys  of  the  United  States.  But  it  has  been  shown  by  Packard  that 
the  optic  nerve,  together  with  the  ganglia,  is  completely  absent  in  all  the 
specimens  of  Cecidotaea  which  he  has  examined ;  nevertheless,  in  some  in- 
dividuals a  small  dark  spot  is  visible  on  the  exterior,  which  under  the  micro- 
scope is  seen  to  represent  the  extremely  rudimentary  remains  of  the  eye.  In 
the  majority  of  individuals,  however,  there  is  no  trace  of  such  a  structure  \ 

^  A.  S.  Packard,  On  the  Structure  of  the  Brain  of  the  Sessile^yed  Crustacea ;  Mem. 
Nat  Acad.  Sci.  Washington,  1885,  III,  pp.  99-110,  pL 
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Niphargns,  a  blind  genus  of  the  Qammaridae,  occurs  in  the  caves  of 
Carinthia,  as  well  as  in  the  undei^round  waters  of  many  springs ;  and 
Forel  has  found  it  in  the  depths  of  the  lakes  of  Geneva  and  Neuch&teL 
Humbert  has  expressed  the  opinion  that  the  species  living  in  the  Swiss 
lakes  have  not  been  produced  hy  s  modification  of  species  posBessing  sight, 
Boch  as  Gammurua  pultx,  but 
owe  their  origin  to  the  immi- 
gration  of  forms  inhabiting 
sabterranean  water '. 

Numerona  other  facts  hav- 
ing an  important  bearing  on 
the  origin  of  isolated  faunas 
in  lakes  might  be  cited  in  proof 
of  sach  a  migration  of  small 
wn'F''iftl^  living  in  subterranean 
waters;  and  it  is  an  open 
qneatioa  whether  the  American 
Cecidataea  atygia  might  not 
have  been  an  inhabitant  of  sub- 
terranean water  before  it  occu- 
pied caves,  and  even  before  the 
formation  of  the  river  terraces. 

The  New  Zealand  '  frost- 
fish,'  Lepidotvs  caudo^us,  which 
has  very  large  eyes,  has  been 
described  by  von  Lendenfeld 
as  a  deep  -  sea  species.  The 
migration  of  an  inhabitant  of 
the  shallower  zone  into  the  un- 
illumined  depths  is  a  very  slow 
process,  requiring  for  ite  ac- 
complishment, according  to 
Lendenfeld,  many  successive 
generations.  If  the  eye  were 
origin^y  well  developed,  it  mi^t  gradually  increase  in  size ;  but  if,  on  the 
contrary,  weak  or  unable  to  adapt  itself,  owing  to  over-rapid  change  of 
habitat,  atrophy  and  blindness  might  result '. 

We  sometimes  find,  not  only  towards  the  upper  limit  of  the  abyssal 

t  Jl.  Hnmbert,  DeKiiption  dn  Niphaiyut  puteanus,  var.  FortUi,  Bull.  3oc.  Tftnd.  ScL 
nat.,  1876,  XIV,  pp.  278-398  and  pi. ;  also  Arch.  Sci.  phje.  nat.  Genfeve.  1877,  nonv.  s^r., 
vol.  I,  108,  pp.  58-7&. 

■  R.  ?on  Lendenfeld,  Note  on  the  Ejea  of  Deep-tea  Fiabei ;  Proc  Linn.  Soc  H.S.W., 
Sydner,  1885,  IX,  pp.  699,  700. 


Stptmiu,  Gadr.-HAnaT.  (after 
Willsmoes-Sabm). 

Natural  size.   Atlaatia  Ocean  off  oape  SL  Tinotnt, 
lat.  35'47'  K.,  long.  8°  38'  W.,  in  1,090  fWhoma. 
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Fio.  19.     PiialopMlialmu»  armlgtr, 
moss-Suhm), 

Hagntfled  two  diuneten ;  between  cftpe  PalmM  >nd  Sunt- 
Paul,  in  2, GOO  fathomB  ;  170  nautlcBl  mtldi  eait  of  Saint- Pan!  in 
1,500  hthomi ;  abo  in  Ut.  SE°  41'  S.  long.,  20'  SS'  W.,  about  100 
nautical  miles  west  of  Tristan  d'Acunlia  group,  in  100  fathomi. 


regi<m  but  much  below  it,  even  down  to  great  deptha,  some  wuMk 
poesessing  well-developed  eyee  with  others  completely  blind,  and  ita 
even,  here  and  there,  some  which  show  clearly  that  the  eye  has  beem 

eiil&T]ged.  OjfdtMm 
ytptunut  (¥^.  181 
with  eyes  w^hieh  wet 
in  the  middle  IJ"*, 
lives  at  great  deptb 
in  the  Atlantic,  y4 
has  several  times  bem 
captured  at  the  but 
face  during  the  ni^; 
it  appears  to  bekog 
to  that  large  gronpsf 

,   Will.  Suhm  (after  Wille-      pelagic  aniTnii.U  whidi 

Kime  to  the  aurfaeeii 
sight  and  retnin  hj 
day  to  the  deptla 
The  Schicopod  Petdt- 
ophthdlrnvs  armiger,  described  by  Willemoes-Suhm,  is  stUl  more  charaet» 
iatic  (Fig.  19).  Its  eye-atalka  terminate  in  vesicular  enlargements,  whidi 
are  formed  of  chitin  and  show  no 
trace  of  the  etroctore  proper  to 
sight  The  eye  has  been  destn^ 
by  its  enlargement '. 

Polychelea  and  Willemoesia  tie 
closely  allied  to  the  Jurassic  genu^ 
Eryon;  the  two  living  forms  are 
inhabitants  of  the  deep  sea,  and 
Willemoesia  has  been  found  both  in 
the  Atlantic  and  Pacific  Oceans  at 
a  depth  of  1,900  fathoms.  The  eyes 
in  both  these  genera  are  so  small 
and  well  concealed  that  for  a  long 
time  they  were  overlooked,  bnt 
Spence  Bate  affirms  that  in  early 
stages  of  development  the  embryo 
of  Willemoesia  possess  organs  of  sight  constructed  on  the  usual  Crustacean 
plan' {Fig.  20). 

We  will  now  turn  our  attention  to  the  observations  on  the  eyes  of 

'  R.  TOD  WillemoeB^Suhm,  On  some    Atlantic    Cnutacea    from   the    '  Challengei ' 
Expedition ;  Tram.  Linn.  Soc.  London,  1875,  2nd  ser.,  I,  pp.  23^9 ;  pi. 
■  Q.  Spenu  Bate  in  ChalUnger,  Narrative  I,  2nd  part,  p.  524. 


Fia.  30.  AlycMw  tntffim.  Will.  Suhn 
(after  Willemoea-Suhm}. 

HagniQed  four  diametera;  iSO  fathoms 
Sombrero,  West  IndiaiL 
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miobitee  made  by  Bamnde,  long  before  oar  present  knowledge  of  the 
deep-sea  fatma  had  thrown  light  on  their  special  mgnificance. 

In  1872  Bammde  snmmed  up  all  that  was  then  known  on  the  eyes  of 
Kilobitee  and  arrived  at  the  following  results ' : — 

Among  the  Trilobites  of  Bohemia  there  are  ox  genera  of  which  all  the 
qiecies  are  blind,  and  Bix  which  inclnde  both  blind  species  and  those  pro- 
vided with  eyes.  The  earliest  or  'primordial'  fauna  contains,  out  of 
27  spedes,  seven  without  eyes ;  the  second  fauna,  25  species  out  of  127 ; 
and  the  third  &ana  only  one  species  out 
of  206.  The  blind  species  appear  in  the 
•rgillaoeouB  sediments,  more  particularly 
in  the  Cambrian  slates,  and  in  the  argil- 
laoeouB  deposits  <£,,  dg,  and  d^,  of  the  lower 
Silnrian  D,  but  not  in  the  beds  which  are 
predominantly  qu&rtzose,  and  the  single 
Uind  species  of  the  upper  Silurian  is 
fonnd  in  argillaceoUB  limestone.  There 
are,  however,  forms  with  quite  abnor- 
tnolly  large  eyes,  such  as  Aeglina  and 
Bemoplenrides,  and  it  is  just  these  large- 
eyed  species  which  are  found  associated 
with  the  completely  eyeless  <mes  and 
cmce  lived  along  with  them '.  In  the 
case  of  Aeglina  armata,  as  in  that  of 
the  English  species  Aeglina  mirabUie,  the 
enlargement  of  the  eyes  is  so  far  advanced 
that  they  meet  from  side  to  side  in  the 
middle,  and  Borrande  calls  this  the  cydo- 
pean  form  (Fig.  22). 

It  is  obvious  that  the  eye  of  Trilo- 
bitea  in  the  Silurian  period  was  exposed 
by  disuse  to  an  atrophy  analogous  to  that  experienced  in  other  classes 
of  animals  in  later  times,  and  that  here  too  the  result  was  blindness, 
either  by  direct  atrophy  or  by  enlargement,  which  is  as  it  were  an  attempt 
of  the  eye  to  maintain  its  existence.  Acidaspia  mira  (Fig.  23),  which 
occurs  in  the  upper  Silurian  limeBtone,  shows  a  stalked  eye  like  that  of 
existing  Crustacea,  well  furnished  with  organs  of  sight ;  the  eye  of  Aeglina 
(Fig.  22)  may  be  compared  with  that  of  Cyatieonia  ^eptunus  (Fig.  18), 

'  J.  Bairande,  Sj'rt^me  silurien  du  centre  de  la  Boheme,  Snppl^ent  ftu  vol.  I,  4to, 
Fn«ae,  1872,  pp.  155-164  and  195-197. 

*  'Foornut-on  peneer  que  lea  yem  de  ces  Trilobitw  fitaient  destinii  kwppl^er  par 
lenn  dimeniioiu  estraordinaireB  k  la  fiublesse  de  la  lumiere  ttanimiie  il  tiaTen  lea 
eaoz  troablei  ?'    Bamnde,  torn,  cit.,  p.  162. 


FiQ.Sl.  a>noeqAaJ<M8iili«ri, Sohloth. 
(after  Barrands). 

Primonlial  itage ;  Oeioeti,  Bo- 
hemia ;  blind. 
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Fie.  32.  Cjolopeui  Ejea  (ifter  Buruide). 

a.  Atgltna  pritca,  Barr.,  Lower  Silurian,  d,_ 

Sanctt  Benigna,  Bohemia;   b,  the  aune,  d,, 

Voeek  ;  e,  d.  AtgUna  oTTHota,  d, ,  '   '  ' 


which  well  deserves  Barrande's  de§igtifttioo  'cyclopean';  it  exhibits  that 
procees  of  enlai^ment  which  is  exemplified  l^  the  '  firost-fish '  of  Mew 
Zealand,  and  with  the  develt^mient 
of  peduncles  would  lead  to  the  blind 
go^le  eye  of  PetalopfUhalmua  or- 
miger.  CimocephalUea  Suizeri,  finally, 
which  is  quite  blind  and  occurs  in 
the  Cambrian  slates  of  Bohemia  as- 
sociated with  Conocej^aiitm  striatut, 
a  species  provided  with  eyee,  corre- 
sponds with  many  examples  of  com- 
plete absence  of  any  external  vestige 
of  wi  eye  which  are  known  in  the 
deep  sea,  in  deep  inland  waters,  in 
subterranean  water,  and  in  caves. 
These  speciee  which  have  become 
blind  lived  amidst  others  which  wen 
provided  with  eyes,  as  is  also  the 
case  at  present  in  certain  horizons  of 
LeiBkow.  the  deep  sea  and  at  the  bottom  of  the 
lake  of  Geneva,  as  has  been  observed 
by  Fotel '.  Barrande  has  also  found  that  in  the  yoongest  individni^ 
of  TrvMiclevs  BvxHandi,  a  blind  species  of  the  lower  Silurian,  there  is 
a  little  wart  in  place  of  the  eye 
in  the  middle  of  the  cheek,  whiiJi 
disappears  with  age ;  we  are  thns 
reminded  of  Willemoesia,  the 
Lemaides  and  other  a.nimalH 
which  possess  in  their  youth  the 
rudiment  of  an  eye,  destined 
with  the  advance  of  age  to  be- 
come partly  or  entirely  lost.  In 
the  blind  species  Trinudetu 
omatua  a  young  form  possessing 
eyes  has  not  so  far  been  observed 
(Fig.  24). 

The  numerical  statements  of 
Barrande  as  to  the  distribution 
of  blind  Trilobites  in  the  several 
stages  may  possibly  be  very  much  modified  by  later  discoveries.  Barrande 
himself  observes  that  the  preponderance  of  blind  species  in  the  Cambrian 

*  J.  Foiel,  Faime  profonde  do  lac  L&nan ;  Verb.  achweiE.  nat.  6e*.  xa  Chnr,  187S-1874, 
p.  186. 


no.  33.  Acidarpit  mira,  Barr.  (after  Barrande), 
Upper  Silurian,  S,  Loduitz,  Bohemia.    Stalked 
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depoBita  of  Bohemia  ia  to  be  attributed  to  AgnostaB,  an  extremely 
divergent  genus.  On  the  other  hand,  it  must  not  be  foi^tten  that  the 
other  Cambrian  genera,  anch  as  HTdrocephalna,  Paradoxidee,  and  in 
England  Anopolenus ',  certainly  poesess  a  teuoal  satare  and  large 
elongated  ocular  taberclee,  but  bo  for  as  I  know  facets  have  not  been 
observed,  except  in  a  very  few  species,  if  indeed  in  any ;  in  the  lower 
Silurian  the  very  loi^  eye,  also  el(n)gsted  and  actually  faceted,  of  the 
genus  Bemopleurides  indicates,  even  by  its  size,  merely  an  approach  to 
blindness.  Indeed  so  far  ConocephcdUes  Btriatua  appears  to  be  the  only 
species  of  the  '  primordial '  fauna  of  Bohemia  in  which  it  is  really  possible 
to  observe  the  facets.  Whatever  light  further  investigation  may  shed  on 
this  question,  bo  mnch  ia  already  evident,  that  even 
among  Silurian  animala  the  twofold  process  which 
leads  to  blindness  was  already  in  active  operation. 

From  this  we  may  conclude  that  the  cause  of 
the  blindness  was  the  some  as  among  the  existing 
inhabitants  of  the  deep  sea,  namely  the  absence  of 
sunlight;  at  the  same  time,  however,  it  appears 
that  the  oldest   known    fauna    of   the    Cambrian 
system  must  be  regarded  as  a  tranaformed  fauna, 
and  thus  presupposes  the  existence  of  a  still  older 
fauna  of  which  we  have  no  knowledge.    Just  as  tiie        Fm.  24.  : 
ancient  salt  deposits  testify  to  a  correspondence     niiAt).  "* 
between  the  past  and  present,  both  aa  to  the  nature        Lower  Siiiuiwi  <i«  Tm- 
,  ,,  ,    ,    "^  ,    .       ,.         ,    ,.  ,  ,,  ,  bin,  Bohemi*.     Bltad. 

ot  the  substances  contained  in  solution  and  the  order 
in  which  they  were  extricated  by  crystallization,  so  the  structure  of  the 
eyes  in  the  oldest  known  organisms  gives  us  reason  to  suppose  that  the 
penetration  of  sunlight  into  the  once-existing  seas  took  place  under  similar 
conditions  and  exercised  on  the  organs  of  vision  the  same  influence  as  at 
the  present  day. 

So  far  we  may  pursue  the  comporiaon  between  the  past  and  the  present 
with  some  degree  of  certainty ;  but  as  soon  as  we  attempt  to  determine 
with  precision  the  limits  of  the  abyssal  region  and  to  express  it  by  figures, 
difficulties  present  themselves.  Observations  on  the  depth  to  which  light 
penetrates,  made  by  sinking  a  white  disc,  cannot  be  accepted  as  conclusive, 
since  the  perceptive  faculty  of  these  strangely  modified  eyes  is  not  known 
to  UB,  and  many  of  the  animals  which  have  become  blind,  such  as  Petalophr 
thalmua  armiyer  mentioned  above,  have  the  habit  of  coming  to  the  surface 
of  the  sea  at  night.     Thus  it  happens  that  the  expression  '  deep  sea '  is 

'  H.  Hicks,  Hot«  on  the  Oenas  Anopoleniu;  Quart.  Jonm.  Qeol.  Soc.  1865,  XXI, 
pp.  477-482,  pi.  Blind  anitnab  which  present  no  exterior  trace  of  an  eye,  hot  still 
poneM  a  concealed  rudiment,  have  been  long  known  aa  occurring  in  wells  i  Bell, 
Cnutocea,  8to,  London,  1858,  Introduction,  p.  xixi  et  ptuaim. 
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understood  in  most  different  senses.  T.  Fuchs,  who  has  given  partienlar 
attention  to  this  question  and  who  by  his  exact  knowledge  of  the  Tertiaiy 
deposits  is  especially  qualified  to  form  an  opinion,  lays  great  strees  on  the 
influence  of  light,  but  places  the  limit  between  the  littoral  zone  and  the  deep 
sea  at  a  depth  of  only  40-50  fathoms.  Other  authorities  diflfer  greatly; 
Qiinther,  for  instance,  puts  the  approximate  limit  of  the  deep-eea  fauna  it 
a  depth  of  500  to  600  fathoms  \ 

For  those  studies  of  a  general  nature  in  which  the  expression  is 
employed,  it  seems  to  me  most  convenient  to  draw  the  line  where  the 
greatest  difference  of  the  most  general  kind  makes  its  appearance,  and  that 
is  where  the  diversity  of  climates  ends  and  the  universal  &una  b^fina 
This  fauna  is  not  subject  to  those  laws  of  distribution  which  dominate  the 
shaUower  zones,  and  changes  in  external  conditions  must  affect  it  in  an 
altogether  different  manner. 

The  shallower  regions  may  now  be  further  divided  into  several  sonee, 
and  they  are  distinguished  also  by  the  great  variety  of  their  sediments. 
But  the  undoubted  fact  must  not  be  overlooked  that  terrestrial  plants 
and  clastic  sediments  may  be  carried  away  into  great  depths  K  The 
presence  of  beds  of  little  pebbles  of  variegated  quartz  in  the  Cambrian 
slates  of  Ginetz,  which  contain  the  blind  Trilobites  mentioned  above,  is 
a  striking  example  of  this  fact.  Indeed  it  must  be  admitted  that  in  many 
cases  the  belt  of  clastic  materials  which  surrounds  many  parts  of  the 
continents  descends  into  the  region  of  the  abyssal  fauna,  and  that  it  did  so 
even  in  the  ancient  seas. 

This  clastic  belt,  however,  is  neither  equally  broad  nor  of  equal  thick- 
ness, and  where  it  recedes  or  thins  out  the  pelagic  sediments  introduce 
themselves  with  continually  increasing  purity.  As  a  rule  they  are 
calcareous,  though  under  certain  circumstances  limestone  may  also  be 
deposited  at  trifling  depths  or  even  at  the  sea-level,  for  the  conditions 
which  govern  the  formation  of  marine  limestone  are  very  varied.  There 
are  massive  coral  reefs  in  which  living  organisms  not  only  secrete  the 
carbonate  of  lime,  but  also  determine  the  form  of  the  reef  as  a  whole. 
These,  however,  constitute  but  a  small  fraction  of  the  calcareous  deposits, 
which  for  the  most  part  are  regularly  stratified.  Limestone  may  also  be 
formed  by  organic  debris,  i.e.  by  the  breaking  up  under  the  action  of  the 
waves  of  the  hard  calcareous  parts  of  molluscs,  corals,  and  other  marine 
animals ;  this  disintegration  may  proceed  so  far  that  after  a  storm  a  broad 
band  of  milky  water  surrounds  the  limestone  reef,  as  Alexander  Agassiz 

^  T.  Fuchs  in  numerous  papers ;  in  particular  in  Verb.  k.  k.  geol.  Reichs.,  1882, 
pp.  55-68  ;  Sitz.  zool.-bot.  Ges.  Wien,  April  5,  1882 ;  and  by  tbe  same,  Welche  Ablage- 
rangen  baben  wir  als  Tiefseebildungen  zu  betracbten  ?  N.  Jabrb.,  1882, 2.  Beilage-Band, 
pp.  487-584. 

'  Examples  in  Fucbs,  Welcbe  Ablagerungen,  &c,,  p.  498  et  seq. 
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describes  in  the  case  of  the  keys  of  Florida.  Finally  limestone  may  be 
formed  by  the  showering  down  on  the  bottom  of  the  sea  of  delicate 
calcareous  shells,  such  as  the  tests  of  Globigerina ;  but  at  extremely  great 
depths  carbonic  acid  occurs  in  such  quantity  that  these  delicate  shells  are 
dissolved  and  no  limestone  is  formed.  There  are  various  signs  by  which 
limestone  beds  reveal  the  action  of  the  atmosphere  and  a  temporary 
emergence  from  the  sea.  One  of  these  is  the  interspersion  of  fragments  of 
light  red  clay  or  of  argillaceous  limestone  in  the  white  limestone,  such  as 
occurs  for  instance  in  the  Bermudas.  Of  a  similar  nature  are  the  residues 
of  red  earth  left  on  the  solution  of  limestone,  which  are  met  with  on  so 
many  coral  islands,  and  in  the  dolinas  of  the  Earst,  where  they  form  the 
'terra  rossa.'  Another  indication  is  the  presence  under  certain  circum- 
stances of  phosphates,  the  origin  of  which  may  be  similar  to  that  of  the 
existing  beds  of  guano.  These  few  examples  may  suffice  to  show  how 
various  are  the  phenomena.  But  they  do  not  exhaust  the  difficulties,  and 
there  is  still  another  question  for  solution,  since  some  beds  of  carbonate  of 
lime  contain  a  small,  and  others  a  considerable,  admixture  of  carbonate  of 
magnesia,  and  beds  of  dolomite  may  alternate  with  beds  of  limestone. 

Thus  the  most  careful  observation  is  necessary  in  the  study  of  stratified 
limestones. 

Many  years  ago  Murchison  expressed  the  opinion  that  the  middle  stages 
of  every  geological  formation  consist  of  limestone,  and  this  idea  was  worked 
out  in  greater  detail  by  Hull  in  1862  for  several  formations,  particularly 
the  Carboniferous.  The  predominance  of  the  terrigenous,  that  is  clastic, 
elements  carried  down  from  the  land  should,  according  to  Hull,  lead  us  to 
recognize  phases  of  oscillation  of  the  land,  and  he  thus  distinguishes  three 
stages : — 

Upper  stage     .     .     .     movement    .     .     .    detrital  formation. 

Middle  stage    .     .     .     repose calcareous      „ 

Lower  stage    .     .    .     movement     .     .     .    detrital  „ 

At  the  same  time  he  concluded  from  the  distribution  of  the  clastic 
materials  in  England  that  we  may  assume  land  to  have  existed  to  the  west 
and  north-west  during  a  series  of  geological  periods  ^. 

The  simpler  stratigraphy  of  the  United  States  has  led  American 
geologists  to  adopt  similar  views.  Newberry,  in  1860,  starting  from  the 
Cretaceous  transgression  of  the  west,  arrived  at  the  conception  of  '  cycles  of 
deposition/  i.e.  a  periodic  return  of  similar  conditions  of  deposition,  or  in 
other  words  an  alternation  of  deposition  in  shallow  water  and  in  the  open 

^  £.  Hall,  On  iBO-diametric  lines  as  a  means  of  representing  the  Distribution  of 
ledimentaxy  Clay  and  Sandy  Strata,  as  distinguished  from  Calcareous  Strata,  &c.; 
Quart.  Joum.  Geol.  Soc.,  1862,  XVIII,  pp.  127-146,  pi. 
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sea.     In  1874  this  theory  was  applied  in  detail  to  the  Palaeoaoic  8edimc8hi 
(I,  p.  13).  mn 

Newberry  distingaished  the  following  elements  in  sach  a  cyde:-|ii 
(1)  coast,  (2)  region  outside  the  coast,  (3)  open  sea,  (4)  retreating  sea;  v 
sediment  1,  mechanically  transported;  2,  mixed;  3,  organic;  4,  mixd 
Within  a  larger  cycle  smaller  cycles  owing  to  oscillation  would  arise,  u  i 
supposed  to  have  happened  in  the  Carboniferous,  and  strictly  speaking  onlf 
three  elements  can  be  distinguished  in  a  cycle,  namely,  two  depositB  a 
shallow  water  separated  by  deposits  in  the  open  sea.  The  PalaeoBoic  ao 
would  include  four  great  cycles  ^. 

Other  investigators  in  America  have  followed  in  the  same  direetki^ 
most  prominently  Dawson  in  1868  ^. 

A  study  of  the  Tertiary  series  of  Belgium  had  led  Andr£  Domcmt  Id 
recognize  that  the  intercalation  of  thick  beds  of  coarse  pebbles  indiatH 
some  particular  change  in  physical  conditions;  he  therefore  attempted  to 
determine  the  limits  of  the  Tertiary  stages  by  means  of  these  pebble  bedi. 

Rutot  and  van  den  Broeck  have  renewed  this  attempt.     They  ^tinr 
voured  to  show  that  in  secular,  continental  subsidence  (positive  movemenl^ 
the  margin  of  the  sea  as  it  advances  towards  the  interior  covers  tiie  hoi 
with  a  layer  of  coarse  beach  pebbles  {gravier  d'im/mersUm) ;  and  on  this,  tt 
the  movement  continues,  finer  sand,  and  finally  the  clay  of  the  deeper  marine 
zones,  is  laid  down ;  if  the  oscillation  then  passes  into  its  opposite  phaae^ 
i.e.  if  negative  movement  succeeds,  the  clay  will  again  be  followed  by  sand, 
and  this  by  an  upper  layer  of  rolled  pebbles  {gravier  dimer9ion\  which  it 
is  true  is  often  not  fully  developed  or  is  destroyed  by  erosion.    This  series- 
pebbles  of  submergence,  sand,  clay,  sand,  and  pebbles  of  emergence — is  called 
a  complete  '  cycle  s^imentaire '  and  regarded  as  equivalent  to  a  complete 
secular  oscillation.     The  clay  thus  takes  the  form  of  a  lens  thinning  out 
towards  the  land.     In  this  particular  case  no  calcareous  formation  of  any 
importance  results ;  only  clastic  materials  are  deposited.     The  cycles  may 
be  incomplete  or  the  corresponding  deposits  removed  in  part  by  erosion. 
The  author  has  cited  as  an  example  the  lower  Tongrian  marine  stage,  con- 
sisting of  Tg  \a  (pebbles),  Tg  \h  (sand),  Tg  \c  (clay),  Tg  \d  (sand),  which  all 
belong  to  the  zone  of  Oatrea  verUilahrum;  then  comes  Tg  2a  (sand  with 
Cytherea  semistriata),  Tg  2b  (clay  with  Cytherea  incraesata),  Tg  2c  (sand 
with  Cerithiurn  plicatum)  ^. 

^  J.  S.  Newberry,  Circles  of  Deposition  in  American  Sedimentary  Rocks ;  Proc.  Amer. 
Assoc  Adv.  Sci.  Portland,  Maine,  1873,  8yo,  Salem,  1874,  pp.  185-196. 

«  J.  W.  Dawson,  Acadian  Geology,  2nd  ed.,  1868,  pp.  135-138. 

'  A.  Rutot,  Les  phenomenes  de  la  sedimentation  marine  ^tndi^  dans  leun  lappoits 
avec  la  stratigraphie  r^gionale,  Bull.  Mus.  R.  Hist.  nat.  Bruzelles,  1888,  U,  pp.  41-83 ; 
£.  van  den  Broeck,  Note  sur  un  nouvel  mode  de  classification  et  de  notation  graphiqne 
des  depdts  g^ologiques  bas^  sur  T^tude  des  phenomenes  de  la  sedimentation  marine,  torn, 
cit,  pp.  341-369. 
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^  Considerations  of  ibis  kind  lead  to  the  supposition  of  very  frequent  and 
very  regular  alterations  of  the  coast-line  which  are  difficult  to  reconcile 
^with  the  principles  of  the  elevation  theory,  and  Newberry  chooses  expres- 
^flions  such  as :  advance  of  the  sea  and  retreat  of  the  sea,  or  the  same  words 
"^  98  were  employed  by  Brogniart,  Omalius  d'Halloy,  and  others  before  the 

-  ^prevalence  of  the  elevation  theory  (11^  p.  13). 

^*       According  to  these  views  the  limits  of  a  system,  sometimes  even  of  its 

— fldbordinate  stages,  might  be  regarded  as  an  expression  of  the  negative 

s  phase,  while  the  positive  phase  would  correspond  approximately  to  the 

middle  of  the  formation.    But  it  is  a  fact  that  the  nomenclature  created  in 

Europe,  and  with  it  the  principal  limits  of  the  stratigraphical  systems,  have 

been  found  applicable  in  all  geographical  latitudes  and  in  the  most  distant 

^  regions  of  the  globe.    It  is  impossible,  however,  that  a  cycle  of  this  kind 

can  affect  in  the  same  sense  the  whole  surface  of  our  planet.    We  must 

Buppoee  that  positive  areas  in  one  part  are  opposed  by  negative  areas  in 

-  another.  The  theory  of  elevation,  in  particular,  is  inconsistent  with  the 
oODoeption  of  a  positive  or  negative  movement  extending  simultaneously 
over  the  whole  earth,  or  even  over  a  very  large  part  of  it ;  diversity  of  the 
movement  is  characteristic  of  this  theory. 

The  thickness  of  the  sediments  themselves,  however,  sometimes  amounts 
to  thousands  of  feet.  In  every  individual  case,  these  sediments,  as  they 
increased  in  thickness  at  any  given  place  where  a  section  has  been  studied, 
must  necessarily  have  produced  a  constant  diminution  in  the  depth  of 
the  sea. 

If  the  level  of  the  coast-line  remain  wholly  unchanged  they  must 
finally  reach  the  surface  of  the  sea,  and  affording  the  observer  evidence  of 
shallow  water  and  life  under  littoral  conditions,  may  lead  him  to  the 
mistaken  inference  of  a  negative  movement.  Every  negative  movement  is 
strengthened  in  its  effects  by  the  progress  of  sedimentation,  and  every 
positive  movement  increases  the  depth  of  the  sea  only  by  so  much  as  it 
exceeds  the  thickness  of  sediment  forming  at  the  same  time  and  place.  The 
same  considerations  apply  to  an  oscillatory  movement.  It  may  then  happen 
that  the  thickness  of  the  sediment,  limestone  for  example,  may  equal  the 
positive  excess,  or  Sed.  =  Pos.  —  Neg.  The  upper  surface  of  the  sediment 
will  then  correspond  to  the  highest  level  of  the  positive  phase,  that  is  to  the 
sign  e  or  m  in  the  table  on  p.  25  ;  and  it  is  in  no  small  degree  probable  that 
this  surface  will  lie  above  the  sea-level  and  lead  us  to  infer  an  elevation  of 
the  land.  We  shall  meet  with  this  case  in  recent  limestone  formations  and 
coral  islands. 

The  process  may  be  represented  somewhat  more  exactly.  The  thickness 
is  often  so  great,  that  by  increase  of  the  local  attraction  it  raises  the  sea- 
level  a  perceptible  amount,  a.  At  the  same  time  over  the  whole  earth 
sediment  is  being  continually  carried  down  into  the  sea;  thus  the  sea  is 
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gradually  forced  to  overflow  its  shores,  and  for  any  given  interval  of  tone 
by  a  quantity  cr.  The  formula  which  represents  the  increase  in  the  depth 
of  the  sea  is  therefore 

(Pos.  +  a  +  cr)  >  (Neg.  +  Bed.) 

and  for  a  diminution  in  the  depth  of  the  sea : 

(Pos.  +  a  +  cr)  <  (Neg.  +  Sed.). 

In  this  connexion  I  cannot  repress  a  doubt  that  in  some  of  the  moA 
frequently  repeated  statements  as  to  the  measured  thickness  of  cUslie 
deposits,  particularly  of  the  Carboniferous  system,  some  exaggeratioii  in 
the  figures  is  to  be  feared.  It  is  not  always  permissible  in  fact  to  take  tk 
sum  of  the  several  thicknesses,  as  for  instance  in  limestone  formationSt  for 
this  method  assumes  that  the  sediments  in  question  were  deposited  verti- 
cally, one  above  the  other,  while  some  at  least  were  really  formed  on  tafaa 
slopes  advancing  towards  the  sea,  and  thus,  to  a  certain  extent,  beside  eidi 
other  or  resting  against  one  another.  In  this  way  we  might  obtain  figures 
for  the  thicknesses  of  clastic  sediments  which  would  far  exceed  the  truth; 
still  in  any  case  these  thicknesses,  even  if  strictly  estimated,  would  oeitainly 
amount  to  many  thousands  of  feet. 

1.  Tfte  North  Atlantic  continent.  A  belt  of  clastic  sediments  afibrds 
a  basis  of  hj;rpothesis  as  to  the  position  of  the  continent  from  which  it  hu 
been  derived.  In  North  America  we  meet  with  the  greatest  thicknesses  of 
Cambrian  and  Silurian  shale  and  sandstone  in  the  vicinity  of  the  Atlantic 
coast,  namely  in  the  east  and  south-east  of  Canada,  in  the  adjacent  north- 
eastern part  of  the  United  States,  and  in  the  Appalachians.  Thence  the 
thickness  diminishes  towards  the  Mississippi ;  shale  and  sandstone  dimininh 
in  importance,  while  limestone  increasingly  predominates. 

We  see  something  similar,  although  not  with  equal  distinctness,  in  the 
north  of  Europe.  In  the  British  Isles  great  thicknesses  of  sandstone  and 
shale  are  present,  and  the  same  is  the  case  in  the  mountains  of  Norway ;  in 
Sweden  and  the  Baltic  provinces  the  thickness  rapidly  diminishes,  and 
in  the  Silurian  the  limestone  predominates  more  and  more. 

This  fact  has  led  American  geologists  to  conjecture  that  the  continent 
which  furnished  these  sediments  occupied  the  site  of  the  existing  North 
Atlantic  Ocean.  In  the  same  way  in  England,  Godwin- Austen,  and  after 
him  Geikie,  regarded  the  crystalline  rocks  of  Scandinavia,  with  their 
continuation  into  the  Hebrides,  as  the  remains  of  the  Silurian  continent, 
and  Hull  has  defended  with  great  zeal  the  theory  of  a  vanished  Palaeoasoic 
Atlantis  ^.  From  the  following,  however,  it  will  appecu*  that  this  continent 
persisted  as  such  up  to  a  very  recent  epoch  in  the  history  of  the  earth. 

^  £.  Hull,  On  the  Geological  Age  of  the  North  Atlantic  Ocean  ;  Trans.  R.  Dublin  Soc 
1885,  new  ser.,  Ill,  pp.  305-320. 
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When  we  attempt  to  study  in  greater  detail  the  manifold  subdivisions 
of  the  marine  beds  as  they  succeed  each  other  in  the  east  and  west  of  this 
primaeval  continent,  we  are  at  once  struck  by  the  far  more  fortunate 
position  of  the  observer  in  America  as  compared  with  his  colleague  in 
Europe.  In  the  west,  during  the  accumulation  of  these  deposits,  orogenetic 
movements  took  place  only  in  the  Green  mountains,  and  flat-bedded  Palaeo- 
zoic sediments  still  extend  over  vast  areas  far  away  up  to  Kansas  and 
Nebraska.  Even  where  folding  followed  later,  as  in  the  east  of  Canada 
and  the  Alleghanies,  we  have  as  a  rule  no  difficulty  in  correlating  the 
stratified  succession  with  that  of  the  more  distant  parts  of  North  America. 
In  Europe,  on  the  other  hand,  as  soon  as  we  have  crossed  the  narrow  zone 
of  the  Hebrides  we  encounter  the  Caledonian  folds  with  their  great  over- 
thrusts,  and  upon  the  ruins  of  these  worn-down  Silurian  mountains  the  Old 
Bed  sandstone  lies  horizontally.  If  we  proceed  further  into  the  interior 
of  this  continent  we  again  find  the  ancient  marine  deposits  still  for  the  most 
part  folded  and  fractured ;  it  requires,  therefore,  a  combination  of  persever- 
ance, exactitude  and  sagacity,  and  these  in  no  small  degree,  to  establish 
a  correspondence  between  the  members  of  the  stratified  series  in  regions 
at  all  remote  from  one  another.  It  is  not  till  we  reach  Sweden  and  the 
Bnssian  plain  that  we  meet  with  stratigraphical  relations  as  favourable  to 
study  as  in  the  United  States. 

Let  us  again  turn  our  attention  to  that  region. 

The  thickness  of  the  Palaeozoic  sediments  decreases  as  we  proceed  from 
the  Atlantic  Ocean  towards  the  Mississippi  In  the  Rocky  mountains  also 
it  is  trifling,  but  beyond  them,  towards  the  Wahsatch  and  Uinta,  the 
sediments  thicken  out  again  very  rapidly,  as  they  also  do  in  the  eastern 
part  of  the  Basin  ranges,  according  to  Clarence  King  up  to  about  long. 
117*  15'  W.,  and  then  they  disappear.  In  California  only  the  Carboniferous 
limestone  is  known.  Beyond  long.  117*"  15'  W.  there  thus  lay  in  all  pro- 
bability a  second  continent,  which  bounded  the  Ocean  on  the  west  ^ 

As  early  as  1859,  James  Hall  had  described  in  a  masterly  survey  the 
classification  and  distribution  of  the  Palaeozoic  beds  in  the  east  and  centre 
of  the  United  States.  The  years  which  have  since  elapsed  have  confirmed 
his  results  in  all  essential  points,  and  they  form  the  basis  of  the  comparisons 
which  follow  here  '^,  The  investigations  of  Canadian  geologists  and  those 
carried  out  in  the  great  ranges  of  the  west  complete  the  picture. 

In  Newfoundland,  New  Brunswick,  and  at  Braintree,  Massachusetts, 
there  are  beds,  chiefly  shales,  in  which  are  found  species  of  the  genus 
Conocephalites,  both  blind  and  provided  with  eyes,  as  well  as  a  number 
of  other  Trilobites,  which  closely  agree  in  general  character  with   the 

»  C.  King,  U.  S.  Geol.  Expl.  40tli  Par.,  I,  pp.  127-248,  map. 

'  J.  Hall,  Geological  Survey  of  New  York;  Palaeontology,  III,  4to,  Albany,  1859, 
pp.  1>96. 
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*  primordial '  fauna  of  Qinetz  and  Skrey  in  Bohemia  ^  In  America  abo 
they  represent  the  oldest  animals  so  far  known.  This  group  of  steata  u 
called  the  St.  John's  group.  In  the  whole  central  part  of  the  United 
States  they  appear  to  be  absent,  and  it  is  only  when  we  reach  the  Wahaatd 
and  Eureka,  in  Nevada,  that  we  again  encounter  them  ^ 

In  the  east,  from  Labrador  and  Newfoundland  as  far  as  New  York  and 
Vermont,  and  again  in  the  west,  in  Utah  and  Nevada  and  in  BritUi 
Columbia  on  the  east  border  of  the  Rocky  mountains,  this  group  is 
followed,  according  to  Walcott,  by  a  middle  member  of  the  primordial  or 
Cambrian  series,  the  Oeorgia  group,  with  an  independent  fauna.  LimestoDe 
plays  a  leading  part  in  its  composition ;  this  group  again  is  not  yet  known 
in  the  central  part  of  the  United  States  \ 

The  distribution  of  the  last  member,  the  Potsdani  aandeiane,  is  much 
more  extensive,  and  may  be  traced  from  Belle  Isle  through  Canada  down 
into  the  north-east  of  the  United  States,  through  Pennsylvania  and  Virginia 
and  further  to  the  south-west  into  Tennessee,  where  it  becomes  thicker  and 
alternates  with  dolomitic  limestone;  then  in  flat-lying  beds  still  further 
into  Texas,  and  again  to  the  north  in  an  elongated  zone  which  lies  hori- 
zontally on  the  south  border  of  the  Canadian  shield  from  lake  Huron 
through  Wisconsin  and  Iowa  ^.  From  Iowa»  where,  according  to  D.  D.  Owen, 
several  subdivisions  may  be  distinguished,  the  zone  of  sandstone  continueB 
to  the  west.  It  crops  out  in  the  Black  hills  from  the  plain  of  Dakota^  and 
then  as  an  almost  continuous  border,  sometimes  gently  inclined,  sometimes 
steeply  upturned  or  even  inverted,  surrounds  the  Archaean  ridges  of  the 
Rocky  mountains.  Further  west  in  Nevada  the  fossils  of  the  Potsdam 
group  lie  high  above  those  of  the  earlier  stages. 

The  stratified  series  of  Eureka  begins  according  to  Hague  and  Walcott 
with  about  1,500  feet  of  brownish -white  quartzite,  the  upper  part 
of  which  becomes  shaly  and  calcareous;  the  first  traces  of  the  middle 
Cambrian  or  Georgian  fauna  appear  here.  There  then  follows  about 
3,000  feet  of  grey  limestone,  containing  the  same  fauna,  to  which,  at  the 
summit,  species  of  the  upper  Cambrian  or  Potsdam  fauna  are  added.     The 

^  G.  F.  Mathew,  Illustrations  of  the  Fauna  of  the  St.  John's  Group,  Trans.  R.  Soc. 
Canada,  Montreal  (in  vols.  I,  II,  and  III,  1884-1886) ;  C.  D.  Walcott,  On  the  Ganoibxian 
Faunas  of  North  America,  Bull.  U.  S.  GeoL  Sunr.  Territories,  1884,  No.  10,  p.  49,  pL 

'  A.  Hague,  Abstract  of  Report  on  the  Geology  of  the  Eureka  District,  Ann.  Bep. 
U.  S.  Geol.  Surv.  Ill,  1881-1882.  by  Powell,  Dir.,  8vo,  Washington,  1888,  p.  248  et  seq. 
C.  D.  Walcott  (Palaeontology  of  the  Eureka  District ;  U.  S.  GeoL  Sunr.  Monogxaph  YIII, 
1884)  has  described  this  fauna  and  in  particular  the  abnormal  development  of  Olenettut 

'  Walcott,  Second  Contribution  to  the  Studies  on  the  Cambrian  Faunas  of  N.  America ; 
Bull.  U.  S.  Geol.  Surv.  Territories,  1886,  No.  80,  pp.  729-952. 

*  J.  Hall,  Note  in  Proc.  Amer.  Assoc.  Adv.  Sci.,  XXXI  Meeting,  held  at  Montreal, 
8yo,  Salem,  1883,  pp.  68-65. 
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limestone  is  followed  by  1,600  feet  of  shale,  1,200  feet  of  limestone,  and 
800  feet  of  shale.    All  these  belong  to  the  Potsdam  stage. 

A  veiy  singular  picture  is  presented  to  us  by  this  ancient  Ocean. 
Shore  deposits,  with  cracks  produced  by  the  drying  action  of  the  sun  and 
filled  with  millions  of  valves  of  lingula,  form  the  series  known  as  the 
Potsdam  sandstone,  which  still  lies  flat  on  the  south  border  of  the  Archaean 
shield  of  Canada ;  in  Nevada,  far  to  the  west,  these  deposits  swell  out  to 
a  great  thickness^  while  limestone  and  shale  take  the  place  of  sandstone. 

Let  us  now  turn  to  the  Black  mountains  as  described  by  Newton  and 
Jenney.  The  Potsdam  sandstone,  200  to  300  feet  thick,  presenting  at  its 
base  a  coarse  bed  of  beach  pebbles  with  auriferous  sand,  includes  some 
glauconite  beds  and  a  little  limestone;  it  rests  in  discordance  on  the  up- 
turned edges  of  the  Archaean  schist.  Here  we  have  before  us  an  Archaean 
reef  of  the  Cambrian  sea,  which  in  the  last  stages  of  its  existence  was 
completely  covered  with  sand.  Over  the  Potsdam  sandstone,  however, 
follows — not  the  succeeding  systems  of  the  lower  Silurian,  upper  Silurian, 
and  Devonian,  but  the  marine  deposits  of  the  Carboniferous  which  lie 
immediately  on  the  sandstone  and  apparently  in  complete  conformity 
with  it^. 

In  the  Rocky  mountains  the  Potsdam  sandstone  is  similarly  overlain  by 
these  same  deposits  of  the  Carboniferous  system. 

Eight  degrees  of  latitude  further  south  and  also  further  to  the  west  is 
the  Qrand  cafion  of  Colorado,  excavated  in  horizontal  beds  of  Carboniferous 
limestone.  Powell  and  Button,  however,  state  that  the  Carboniferous 
series,  4,000  to  4,500  feet  thick,  rests  on  the  edges  of  inclined  beds,  probably 
Cambrian,  which  are  cut  off  by  the  plane  of  transgression.  This  is  an 
example,  exposed  for  miles  along  the  cafion,  of  a  plain  of  erosion  produced 
by  the  advance  of  the  coast-line  ^. 

Throughout  the  whole  of  Arizona  also,  the  Carboniferous  rests  directly 
on  Archaean  or  possibly  Cambrian  rocks,  and  up  to  the  present  it  is  only  in 
Nevada  that  the  western  development  as  represented  by  the  lower  Silurian 
has  been  recognized. 

Thus  the  Carboniferous  transgression  circumscribes  the  region  in  which 
it  is  possible  to  study  the  post-Cambrian  deposits. 

The  oldest  fossiliferous  sediments  of  North  America  enable  us  therefore 
to  recognize  the  following : — 

The  St  John's  group  and  the  Qeorgia  group,  the  two  lower  members, 
are  only  known  in  the  east  and  in  the  west.  A  wide  interval  separates 
these  two  provinces.    The  third  member,  the  Potsdam  group,  covers  them 

*  H.  Newton  and  W.  P.  Jenney,  Report  on  the  Geology  and  Resources  of  the  Black 
Hills  of  Dakota ;  U.  S.  Geogr.  and  Geol.  Surv.  of  the  Rocky  Mountain  Region,  4to,  Wash- 
ington, 1880,  pp.  80-106  and  109. 

'  C.  E.  Datton,  Tertiary  History  of  the  Grand  Canon  District,  p.  178  et  seq. 
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both  and  extends  over  the  whole  region.  In  Nevada  it  inereaaes  in  iUck 
nes8  and  limestone  makes  its  appearance,  but  in  Dakota  and  over  the  wUe 
of  the  north  border,  where  it  lies  on  the  Archaean  rocks  of  Canada^  it  ii 
without  doubt  a  coast  formation  deposited  in  transgression.  This  ezuqik 
shows  that  a  strictly  littoral  formation,  deposited  in  transgression,  mnstlii 
regarded  not  as  the  sign  of  a  negative  phase,  but,  on  the  oontraiy,  as  a  praii 
of  the  advance  of  the  sea  on  the  land. 

Notwithstanding  the  close  attention  which  has  been  given  to  tk 
classification  of  the  Cambrian  beds  in  England,  and  the  extreme  preddn 
with  which  Linnarsson  and  Brogger  have  distinguished  the  several  memlxn 
of  this  system  in  Scandinavia  where  they  are  less  thick,  yet  I  dare  DOt 
venture  to  make  any  parallel  with  the  American  beds  beyond  the  oorrelitioB 
of  the  St.  John's  group  with  the  deposits  of  Ginetz  in  Bohemia.  A  tnns- 
gressive  littoral  group,  which  might  be  compared  with  the  Potsdam  sand- 
stone, has  not  been  observed  in  Europe.  Its  upper  limit,  or  the  base  of  the 
lower  Silurian,  is  however  expressed  with  equal  deamess  on  both  sides  d 
the  Ocean  by  the  change  of  fauna. 

2.  The  upper  limit  of  the  Silurian  formation.  In  the  east  of  North 
America  the  upper  Silurian  series  begins  with  the  Clinton  g^up  or  the 
Medina  sandstone ;  both  show  distinct  signs  of  variable  conditions  and 
somewhat  shallow  water.  Over  these  beds  lies  the  Niagara  limestonei 
very  widely  distributed  and  containing  a  rich  marine  fauna ;  it  is  generallj 
regarded  as  the  equivalent  of  the  Wenlock  and  Ludlow  beds  in  England 
and  of  the  upper  Silurian  limestone  E  of  Bohemia.  This  would  represent 
the  middle  phase  of  the  Silurian  cycle.  Then  follow  beds  deposited  in 
shallow  water,  so  shallow  indeed  that  layers  of  gypsum  and  rock-salt  wen 
formed  over  wide  areas.  These  form  the  Onondaga  saliferous  group, 
a  sandy  formation  bearing  the  marks  which  attend  the  concentration  of 
sea- water,  yet  attaining  a  thickness  of  1,000  feet.  It  presents  itself  with 
these  characters  in  New  York  State,  particularly  in  the  western  part,  and 
proceeds  with  diminished  thickness,  on  the  one  hand  into  the  south- west  of 
Virginia,  and  on  the  other  to  Wisconsin,  often  broken  up  into  patches  by 
erosion.  In  the  interior  of  the  continent,  towards  the  Mississippi,  this 
member  is  characteristically  absent,  and  the  upper  Silurian  Niagara  lime* 
stone  is  directly  succeeded  by  the  Devonian  limestone. 

Here  then  we  enter  the  open  sea;  but  nearer  to  the  ancient  coast  we 
find  the  saliferous  group  passing  upwards  through  many  alternations  of 
sediment  into  a  brownish-yellow  dolomitic  limestone  known  as  the  '  Watei^ 
lime.'  This  extends  beyond  the  saliferous  group  into  Illinois  and  Iowa,  and 
contains  in  some  places  the  remains  of  the  great  Crustacea  belonging  to  the 
genera  Eurypterus  and  Pterygotus.  This  beyond  all  doubt  is  also  a  shallow 
water  formation. 

Let  us  now  investigate  the  upper  limit  of  the  Silurian  in  the  north  of 
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Europe.  Li  the  highest  parts  of  the  Ludlow  series  we  meet  here  and  there 
with  a  '  bone-bed '  containing  numerous  remains  of  fishes  drifted  together ; 
then  follow  beds  of  variable  character,  but  always  littoral,  which  Murchison 
describes  as  '  Passage  beds ' ;  these  are  sandstones  with  Lingula,  or  marly 
shales  with  fish  remains  and  great  Crustacea,  notably  the  gigantic  Pterygotus 
anglicus ;  between  these  again  are  shales  with  lingula  and  thin  layers  of 
sandstone.  Where  the  earliest  sediments  of  the  Old  Red  sandstone  are  to 
be  seen  superposed  on  the  Passage  beds,  we  observe  that  remains  of  the 
same  fishes  and  Crustacea  are  continued  up  into  them,  and  thus  the  lower 
part  of  the  sandstone  is  often  assigned  to  the  Silurian  ^. 

The  Silurian  concludes  in  England  as  in  North  America  with  an  unmis- 
takable and  considerable  diminution  in  the  depth  of  the  sea. 

Li  the  Baltic  region  as  on  the  island  of  Oesel  we  find  a  similar  condition 
of  things.  According  to  F.  Schmidt,  in  the  uppermost  beds  of  the  Silurian, 
a  yellow  platy  dolomite,  poor  in  fossils,  makes  its  appearance,  or  a  grey 
sandstone  containing  many  upper  Silurian  corals  and  other  fossils.  In  the 
platy  dolomite  Eurypterus  again  occurs  in  abundance,  a«ccompanied  by 
Pterygotus,  but  here,  as  in  Gothland,  the  beds  with  Eurypterus  are  succeeded 
by  others  still  containing  upper  Silurian  fossils  '. 

Finally,  the  same  succession  is  repeated  in  the  river  valleys  of  eastern 
Galioia  and  in  the  adjacent  parts  of  Russia.  F.  Schmidt,  who  is  so 
thoroughly  acquainted  with  the  Silurian  deposits  of  the  Baltic,  has  him- 
self visited  these  regions  and  recognized  the  correspondence.    The  upper 

*  R.  J.  Murchison,  Siluria,  4th  e<L,  1867,  p.  186;  by  the  same.  On  the  discovery  by 
Mr.  R.  Slimon  of  Fossils  in  the  Uppermost  Silurian  Rocks  near  Lesmahago  in  Scotland, 
Quart.  Joum.  Geol.  Soc.  1856,  XII,  pp.  15-25.  For  the  ascent  of  the  fossils  into  the  Old 
Bed  sandstone  see  R.  Etheridge,  Anniversary  Address  of  the  President ;  Quart.  Joum. 
GeoL  Soc,  1881,  XXXVII,  p.  178.  A  visit  to  the  habitat  of  homy-shelled  brachiopods 
led  me  some  years  ago  to  examine  a  great  number  of  the  facts  quoted  here.  Homy- 
shelled  brachiopods  have  subsequently  been  found  in  deep  water  also.  The  fauna  of  the 
deep  sea  has  become  known,  and  with  this  knowledge  a  complete  alteration  in  the 
previously  accepted  views  of  the  Cambrian  fauna  of  Bohemia.  At  that  time  elevation 
and  depression  of  the  land  was  the  accepted  theory,  but  it  was  the  progress  of  these 
particular  studies  which  led  me  first  to  doubt  the  correctness  of  the  prevailing  opinion, 
next  to  recognize  the  extent  of  the  Cenomanian  transgression,  and  finally  to  results 
which  were  no  longer  in  accord  with  tbe  traditional  method  of  explanation.  Ueber  die 
Wohnsitze  der  Brachiopoden ;  Sitz.  k.  Akad.  Wissensch.  Wien,  1859,  XXXVII,  pp.  185- 
248,  and  1860,  XXXVIII,  pp.  151-206.  An  account  of  the  Passage  Beds  and  their 
littoral  characters  occurs  in  the  second  part,  pp.  189-191.  In  this  memoir  the 
recurrences  of  the  lower  Silurian  in  the  United  States  (p.  182  et  seq.),  which  are 
not  described  in  detail  here,  are  also  discussed;  the  comparisons  made  tbere  for 
the  Utica  shales  are  completely  in  accordance  with  the  results  of  the  admirable 
work  of  C.  D.  Walcott,  The  Utica  Slates  and  related  Formations,  Trans.  Albany 
hist,  1879.  X. 

'  F.  Schmidt,  Revision  der  ostbaltischen  silurischen  Trilobiten  nebst  geognostischer 
IJebersicht  des  ostbaltiscben  Silurgebietes ;  M^m.  Acad.  Imp.  Sci.  Saint-F^tersb.,  1881, 
XXX,  No.  1,  p.  49  et  seq. 
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Silurian  is  again  represented  in  the  same  manner  as  in  England  and  tb 
Baltic  provinces.  Here  also  Eurypterus  occurs  in  the  equivalents  to  tb 
Ludlow  beds,  and  Silurian  fossils  appear  to  be  present  above  the  bedi 
with  Eurjrpterus  ^ 

We  are  thus  in  a  position  to  follow  the  beds  with  Enryptems  froi 
the  centre  of  the  United  States  as  far  as  the  Dniestr.  In  New  York  Stik 
the  saliferous  group  underlies  the  platy  dolomite  with  Eaiyptenu,  s 
though  the  latter  no  longer  corresponded  with  the  phase  of  maiinw 
depression  of  the  coast-line. 

In  England  the  Eurjrpterus  beds  pass  upwards  into  the  lowest  bdi 
of  the  Old  Bed  sandstone.  In  Gothland,  Oesel,  and  on  the  Dniestr,  ih^ 
are  again  succeeded  by  a  few  beds  with  marine  Silurian  fossils.  Bat 
everywhere,  from  Iowa  to  Podolia,  a  zone  of  shallow-water  depoob 
distinguished  by  strange  gigantic  Crustacea  makes  its  appearance  towazdi 
the  upper  limit  of  the  Silurian. 

In  America  this  shallow-water  zone  thins  out  to  the  south-west,  andtbi 
marine  upper  Silurian  limestone  is  directly  succeeded  by  Devonian  lime- 
stone ;  in  Europe  it  is  the  same,  but  the  thinning  out  occurs  at  a  greaftv 
distance  from  the  original  coast-line.  In  the  best-known  regions  of  Utt 
interior,  that  is  Bohemia,  the  upper  Silurian  limestone  is  also  soooeedBl 
by  another  limestone,  which,  according  to  recent  investigations,  we  nuj 
refer  to  the  lower  Devonian. 

8.  The  Devonian  System.  In  the  British  isles  and  in  the  Baltic 
provinces  the  greater  part  of  the  Devonian  system  is  represented  by  the 
Old  Bed  sandstone,  which  contains  fishes  (among  them  curious,  heavilj 
armoured  ganoids),  and  here  and  there  terrestrial  plants,  but  no  coxah 
nor  marine  shells.  This  red  sandstone  comprises  divers  subdivisions  of 
the  Devonian;  and  in  England,  as  we  have  seen  above,  its  lowest  beds 
may  be  assigned  to  the  Silurian. 

In  central  Europe  the  case  is  different ;  the  red  sandstone  is  absent^ 
and  its  <place  is  taken  by  slates  and  quartzite,  also  even  by  limestone,  witii 
a  rich  marine  faima.  Our  knowledge  of  this  part  of  the  stratified  series 
has  been  greatly  enlarged  by  Beyrich  and  Kayser's  researches  in  the  Han. 
Eayser  has  shown  that  the  fauna  of  the  limestones  which  are  intercalated 
with  the  lower  Devonian  *  Wieder  Schief er '  of  the  Harz  corresponds  to  the 
upper  divisions  of  the  Bohemian  series,  hitherto  assigned  to  the  Silmian. 
It  is  on  these  fossiliferous  localities  of  the  Harz  and  Bohemia  that  Eayser 
has  based  his  Hercynian  stage  \ 

*  F.  Schmidt,  Einige  Bemerkangen  tiber  die  podolisch-galiziBche  Silurformation  and 
deren  Petrefakten ;  Verb.  k.  russ.  min.  Ges.  St.  Petersb.,  1876,  2.  Ser.,  X,  pp.  1-21,  map. 

*  E.  Kayser,  Die  Fauna  der  altesten  Devonablagerungen  des  Harses,  Abh.  s.  geoL 
Specialkarte  v.  Preussen,  1878,  II,  Heft  4,  pp.  1-293,  pi. ;  and  by  the  same,  Ueber  die 
Grenze  zwischen  Silur  und  Devon  (Hercyn)  in  Bdhmen,  Thiiringen  and  einigen  anderen 
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Eayser  justly  compares  the  appearance  of  this  new  marine  stage  with 
that  of  the  different  marine  faunas,  which,  like  the  fauna  of  the  Alpine 
Trias,  the  Bhaetic,  and  the  Tithonian,  are  unknown  in  northern  Europe. 
They  are  the  oceanic  representatives  of  those  periods,  and  their  equivalents 
in  the  north  are  either  sublittoral  sediments  or  non-existent.  We  may 
trace  the  Hercynian  stage,  i.e.  the  formations  of  the  open  sea  during  the 
lower  Devonian  period,  from  the  Pyrenees,  where  it  is  represented  by 
argillaceous  beds\  to  the  Harz^  where  it  occurs  as  limestone  included  in 
slates,  and  to  Bohemia  and  the  eastern  Alps,  where  it  is  pure  limestone. 
In  northern  Europe  it  is  not  to  be  found. 

Having  made  these  general  observations,  let  us  return  to  the  Eury- 
pterus  beds  of  northern  Europe. 

It  is  certain  that  in  England  Eurypterus  ascends  into  the  lower  beds 
of  the  Old  Red  sandstone,  and  that  in  general  the  relations  of  these  lower 
beds  with  the  Silurian  are  so  intimate  that  we  must  include  them  in  that 
system.  The  upper  part  of  the  sandstone  has  been  subdivided,  on  strati- 
graphical  and  faunistic  evidence,  in  very  various  ways ;  but  all  lead  to  the 
conclusion  that  it  represents  a  very  large  part  of  the  Devonian,  although 
further  to  the  south,  in  Devonshire,  the  Devonian  already  presents  itself 
as  a  marly  and  in  part  also  calcareous  series,  with  a  fairly  rich  marine 
fauna  \ 

The  red  sandstone  extends  in  many  patches  of  flat-lying  beds  over 
the  folded  Silurian  strata  of  the  Caledonian  chain  into  the  extreme  north 
of  Scotland;  it  forms  the  Orkney  and  Shetlcmd  islands  (Fig.  10,  II, 
p.  78). 

In  the  Baltic  provinces  the  red  sandstone  is  likewise  superposed  on  the 
uppermost  Silurian  strata;  but,  according  to  the  unanimous  opinion  of 
English  and  Bussian  geologists,  the  fish  remains  of  the  Baltic  sandstone  do 
not  represent  the  lower,  but  the  middle  and  upper  beds  of  the  British 
sandstone,  particularly  as  developed  in  Scotland  \  Between  the  highest 
Silurian  with  Eurypterus  of  Oesel  and  the  red  sandstone  immediately 
above  it  there  is  a  gap,  and  the  lower  Devonian  is  not  represented. 

We  have  seen  previously  that  towards  the  north  this  red  sandstone 
overlaps  the  several  stages  of  the  Silurian,  so  that  between  St.  Petersburg 

Ctegenden,  N.  Jahrb.  Min.,  1884,  II,  pp.  81-86.  I  here  restrict  the  Hercynian  to 
the  stage  F,  following  0.  Nov&k,  Zur  Kenntniss  der  Fauna  der  Etage  Ffi,  Sitz.  k. 
bOhm.  Ges.  Wiss.,  1886,  and  Freeh,  Zeitschr.  deutsch.  geol.  Ges.,  1886,  XXXVIII,  p.  917. 
The  position  of  g^  remains  for  the  present  doubtful. 

^  C.  Barrois,  Sur  la  faune  de  Hont-de-Ver  (Haute-Garonne) ;  Ann.  Soc.  G^ol.  du  Nord, 
1886,  XII,  pp.  124-144,  pi. 

*  Geikie,  On  the  Old  Red  Sandstone  of  Western  Europe,  Trans.  B.  Soc.  Edinb., 
1878,  XYIII,  pp.  345>452 ;  E.  Hull,  On  a  proposed  Devono-Silurian  Formation,  Quart. 
Joum.  Geol.  Soc.  1882,  XXXVIII,  pp.  200-209,  etc. 

'  Geikie,  torn,  cit.,  p.  862 ;  Lahusen  in  Schmidt,  Revision,  p.  80,  &c 
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and  Gatschina  the  upper  Silurian  is  already  entirely  eoncealedy  and  qdIj 
a  narrow  band  of  lower  Silurian  remains  visible ;  at  the  point  where  tk 
Sjas  enters  lake  Ladoga  the  Cambrian  is  alone  to  be  seen ;  further  to 
the  north,  as  far  as  the  White  sea,  the  sandstone  rests  directly  aaik 
Archaean  (II,  p.  45).  In  an  instructive  series  of  charts  representing  tk 
transgressions  to  which  Russia  in  Europe  has  been  subjeeted,  Kaipnkf 
has  assumed  that  the  patches  of  quartzite  which  occur  at  Onetz  and  it 
Fowjenez,  north  of  lake  Onega,  as  well  as  the  unfofisiliferous  sandirfiOiiB  i 
the  island  of  Eildin,  near  the  Murman  coasts  and  of  the  peninsnh  of 
Bubatsch,  may  also  be  assigned  with  considerable  probability  to  the  Old 
Red  sandstone  ^  Of  more  doubtful  age  are  the  isolated  patdhes  of  sud- 
stone  in  the  northernmost  parts  of  Norway;  in  Spitzbeigen,  howefo; 
we  again  meet  with  the  fish  remains  characteristic  of  the  Old  Bed  nul- 
stone  in  the  Liefde  bay  beds,  but  no  marine  Silurian  is  yet  known  to 
underlie  it  (II,  p.  69).  In  Greenland  also  we  have  noticed  patches  of 
red  sandstone,  unfossiliferous  it  is  true,  resting  on  the  ATmhajMa-n  in  fte 
peninsula  separating  the  fjords  of  Sermilik,  Yunugdliarfiak,  and  Igallib 
(II,  p.  73). 

In  the  peninsula  of  Oasp^,  however,  and  in  New  Bronswick,  tiie 
Devonian  fishes  of  the  red  sandstone  have  already  been  found ;  here  aho 
they  are  associated  with  terrestrial  plants,  and  the  correspondence  of  both 
plants  and  fishes  with  those  of  Europe  is,  according  to  Dawscm,  beyond 
doubt  *. 

It  cannot  be  denied  that  in  this  northern  region  a  certain  resembkaee 
with  the  Indian  Ocean  exists,  the  red  sandstone  playing  here  the  aame 
part  as  the  Gondw&na  beds  do  there. 

The  open  sea  of  the  Devonian  period  did  not  extend  over  Spitsbeigen, 
nor  over  Gasp^,  and  it  was  probably  excluded  over  the  whole  distcmee 
from  Gasp^  to  Greenland.  The  transgression  of  the  middle  Devonian 
sandstone  over  the  several  stages  of  the  Silurian  in  northern  Bussia  shows, 
on  the  other  hand,  that  previous  to  the  transgression  some  parts  of  the 
Silurian  had  already  been  worn  away  by  denudation,  as  had  also  the 
Caledonian  folds. 

Let  us  now  pass  to  a  somewhat  closer  consideration  of  the  BnssiaD 
transgression. 

In  Livonia  and  Courland  a  broad  zone  of  red  sandstone  with  fish 
remains  occurs,  which,  according  to  Grewingk,  is  about  100  meters  thick; 

^  A.  Earpinsky,  Skiz2e  der  phyBiko-geographiBchen  Verh&ltniflBe  defl  enropliachen 
Russland  in  den  vergangenen  geologischen  Perioden ;  vorgetragen  in  der  Cffentlichen 
Sitzung  der  Akademie  am  29.  Dec,  1886 ;  Beitr.  z.  Eenntn.  des  Buniaohen  Baiche% 
III.  Folge,  St.  Petersburg,  1887,  p.  14,  note. 

*  W.  DawBon,  Canadian  and  Scottish  Geology ;  Trane.  Edinb.  GeoL  Soc^  1885,  V, 
pp.  112-122  et  paBsim. 
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above  it  on  the  south  follows  a  series  of  dolomite  and  limestone  with 
marine  fossils,  gypsum,  and  beds  of  mari  containing  pseudomorphs  of 
rock-salt.  The  thickness  of  this  middle  group  is  estimated  by  Orewingk 
at  70  meters.  Upon  it,  forming  a  narrow  zone,  about  20  meters  thick, 
lies  an  upper  bed  of  red  sandstone^. 

Near  Eholm,  on  the  Lovat,  in  the  government  of  Pskov,  300  kilometers 
from  the  southern  boundary  of  the  Silurian  zone,  Earpinsky  found  the 
Silurian  once  more  cropping  out  from  beneath  this  series  of  transgressive 
beds,  and  it  appears  that  here  also  there  is  the  clearest  evidence  of  a  partial 
denudation  of  the  Silurian  anterior  to  the  transgression,  and  consequently 
during  the  lower  Devonian  period  *. 

Tschemyschew  and  Wenjukow  have  studied  the  fossils  of  the  limestone 
and  dolomite  beds.  They  belong  to  the  middle  Devonian,  and  show  that 
after  the  deposition  of  the  lower  sandstones,  which  are  also  assigned  to 
the  middle  Devonian,  a  period  occurred  during  which  gypsum  and  a  small 
quantity  of  rock-salt  crystallized  out  in  lagoons,  but  in  some  localities 
there  was  deeper  water  inhabited  by  a  genuine  marine  fauna.  Then 
followed  once  more  a  deposition  of  sandstone^. 

To  the  east  and  south-east  the  sandstone  gradually  disappears ;  its  last 
known  traces  are  seen  in  Orel  beneath  the  middle  Devonian  limestone. 

The  brief  account  by  Tschemyschew  shows  this  very  clearly.  The 
upper  and  middle  Devonian  with  a  rich  marine  fauna  occur  in  the 
governments  of  Orel  and  Voronezh ;  far  to  the  north  their  presence 
beneath  the  plain  has  been  ascertained  by  borings.  These  facts  have 
been  represented  by  Earpinsky  in  a  diagram  which  shows  wedge-shaped 
beds  of  limestone  thinning  out  into  the  sandstone  towards  the  north.  The 
thinning  out  of  the  limestone  may  be  plainly  seen  on  the  Volkhov  ^. 

To  the  north-east  on  the  Uchta,  which  flows  into  the  upper  Petchora, 
we  again  encounter  the  middle  Devonian,  and  above  it  the  Domanik 
ehales. 

These  have  been  described  by  Eeyserling;  the  name  is  said  to  be 
derived  from  the  Russian  word  *  dym '  (smoke),  for  the  quantity  of  bitu- 
minous matter  contaii^  in  the  shale  is  so  great  that  it  bums  readily  with 
a  smoky  flame.    Petroleum  exudes  from  the  ground.    Cake-shaped  nodules 

*  C.  Orewingk,  Oeologie  von  Liv-  und  Enrland,  Svo,  Dorpat,  1861,  pp.  9-61 ;  by 
the  same,  Erl&uterung  zur  zweiten  Ausgabe  der  geognostischen  Earte  Liv-,  Est-  nnd 
Karlandfl,  Arch.  Nat.  Liy.-Esth-Eurlands,  Dorpat,  1879,  ser.  1,  VIII,  pp.  15  et  seq. 

*  A.  Earpinsky,  Zur  Geologie  des  Gonvemements  Pskow;  M^l.  phys.  chim.,  1886, 
XII,  p.  622. 

*  T.  Tschemyschew,  Materialien  zur  Eenntniss  der  devonischen  Ablagerungen  in 
Rossland,  M^m.  Com.  G^d.  Bnssie,  1884,  I,  no  3,  pp.  77-81 ;  P.  N.  Wenjokow,  The 
Fauna  of  the  Devonian  System  of  North-west  and  Central  Russia  (in  Russian),  8yo, 
8t  Petersburg,  1886. 

*  Earpinsky,  Skizze,  pp.  17-18,  note  1. 
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of  limestone  occur  in  an  intercalated  bed  of  green  marly  day;  ib^ 
correspond  with  the  upper  Devonian  Goniatite  beds  of  the  Rhine  & 
trict^ 

It  is  not  until  we  reach  the  Ural  that  the  lower  Devonian  append 
and  the  Hercynian  limestone ;  this  corresponds  to  the  gap  bencftth  tb 
Baltic  transgression. 

In  the  same  way  we  see  in  Englcmd  and  Scotland  various  regioos  i 
the  Old  Bed  sandstone  ;  then  more  to  the  south,  in  the  fragments  of  tk 
folded  Armorican  and  Variscan  ranges,  the  Devonian  system,  of  gnii 
thickness  and  very  diverse  character ;  consisting  in  Devonshire,  tke 
Ardennes,  on  the  Rhine  and  in  the  Harz,  the  Thiiringerwald,  and  the 
Sudetes,  of  quartzite,  slates,  and  limestone  in  various  altematians»  ii 
reappears,  with  many  similar  characters,  near  Graz  on  the  border  of 
the  eastern  Alps.  In  Bohemia  the  quartzites  are  absent  and  the  thick- 
ness much  diminished ;  the  Hercynian  limestone  rests  on  the  Silnrin 
limestone.  Within  the  eastern  Alps  also,  in  Styria^  Carinthia^  aal 
Camiola,  the  only  representative  of  the  Devonian  system  so  far  reeog- 
nized  is  the  Hercynian  limestone  ^ 

In  these  regions,  therefore,  the  Hercynian  transgression  does  not^ « 
in  Russia,  afford  definite  proof  of  its  existence ;  still,  here  also,  in  spite 
of  all  subsequent  disturbances,  we  plainly  perceive  from  the  distribotks 
of  the  sediments  that  the  littoral  formations  predominate  in  the  noitii, 
and  the  pelagic  in  the  south  ^. 

We  may  now  emphasize  the  fact  that,  according  to  the  marine  remaiis 
which  have  been  found  in  the  dolomite  and  limestone  beds  of  Livonia  and 

^  A.  Graf  Eeyserling  und  P.  v.  Erusenstem,  Wisseniichaftliche  Beobachtungea  tnf 
einer  Reiae  in  das  Petschora-Land,  4tOy  St.  Petersburg,  1846,  pp.  896  at  seq. 

*  G.  Stache,  Ueber  die  Silurbildungen  der  Ostalpen,  mit  Bemerkungen  liber  die 
Devon-,  Carbon-  und  Pcrm-Schichten  dieses  Gebietes ;  Zeitschr.  deutsch.  geoL  Grea,  1884^ 
XXXVI,  pp.  277-878. 

'  *Tbe  thick  lower  Devonian  slates  and  grauwacke  deposits  of  the  Rhine,  France, 
and  Spain,  in  spite  of  their  imposing  development,  represent  only  a  local  formft- 
tion  in  western  Europe,  like  the  Trias  formation  of  Germany,  and  indeed  their  petro- 
graphical  characters  as  well  as  their  poverty-stricken  imiform  fauna,  in  which 
Gephalopods  are  almost  completely  absent,  show  that  they  must  be  regarded  as  9kaihw- 
8ca  deposits.  It  was  always  to  be  expected  that  it  would  be  possible  in  time  to 
point  to  the  deep-sea  equivalents  of  these  shallow-scoter  deposits ;  as  such  the  Hercynian 
series  of  the  Harz  and  of  Bohemia  must  be  regarded.'  A.  Eayser,  Die  Fauna  der  &lte- 
sten  Devonablagerungen  des  Harzes,  p.  288.  For  the  sake  of  completeneBS  it  may  be 
observed  that,  in  the  Alburs,  Tietze  met  with  the  red  sandstone  beneath  marine  Devonian 
deposits;  no  organic  remains  were  found;  Jahrb.  geol.  Reichs.,  1877,  XXVII,  p.  389. 
Opinions  as  to  the  littoral  or  lacustrine  formation  of  the  red  sandstone  have  been 
discussed  by  Godwin-Austen,  Rep.  Brit.  Assoc.  Adv.  Sci.,  1869,  p.  88  et  seq. ;  Bamsayi 
Quart.  Jo  urn.  Geol.  Soc,  XII,  p.  38,  and  XXVII,  p.  241 ;  Rupert  Jones,  A  Monograph 
of  the  Fossil  Estheriae,  Palaeogr.  Soc. ;  Hull,  Quart.  Journ.  Geol.  Soc,  XXXYI,  pp.  252- 
274 ;  Gosselet,  Bull.  Soc.  geol.  de  Fr.,  3«  ser.,  I,  pp.  409-417. 
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Courland,  the  maximum  of  transgression  in  these  countries  must  be  placed 
in  the  middle  Devonian  (Stringocephalus  horizon).  At  this  period  the 
Devonian  sea  attained  its  greatest  extension  in  Russia.  Immediately  after, 
both  in  respect  of  age  and  distribution,  follow  the  upper  Devonian  Domanik 
shales  of  the  Fetchora  region  (Gfoniatite  shales) ;  then  marine  formations 
are  seen  no  more  until  the  beginning  of  the  Carboniferous  period 

Bearing  this  result  in  mind  let  us  turn  our  attention  to  North  America. 
Eayser  has  shown  that  the  '  lower  Helderberg  group '  of  New  York  is  the 
equivalent  of  the  Hercynian  stage.  We  need  not  stay  to  dwell  on  its 
limited  distribution,  the  detailed  classification  of  the  succeeding  series, 
or  the  complicated  relations  which  arise  in  New  York  State  from  local 
unconformities  K  We  will  confine  our  attention  to  one  particular  group  of 
the  Devonian  beds  of  North  America. 

The  middle  Devonian  is  represented  in  New  York  State  by  the  Marcellus 
shale,  the  Hamilton  group,  and  the  Genessee  shala  The  Marcellus  shale 
below  and  the  Genessee  shale  above  present  so  many  points  of  resemblance 
as  regards  their  fossils  that  Williams  regards  the  Genessee  fauna  as  a 
recurrence  of  that  of  the  Marcellus  shale.  The  intervening  Hamilton 
group  includes  beds  of  limestone  with  numerous  marine  fossils,  and  one 
in  particular,  the  TuUy  Umestone,  irregularly  distributed  towards  the 
summit,  contains  RhyncoThella  cuboides,  a  well-known  middle  Devonian 
species  found  in  England,  Russia,  and  on  the  Rhine  K 

In  the  Genessee  shales  of  New  York  State,  close  to  lake  Ontario, 
considerable  quantities  of  bituminous  matter  occur,  and  Clarke  has  described 
a  particular  bed,  formed  of  millions  of  shells  of  Styliola  fis&wreUa,  a  little 
Pteropod,  scarcely  1^  to  2  millimeters  long,  which  were  washed  up  on  the 
coast  by  the  waves  of  the  Devonian  sea ;  among  them  lie  trunks  of  Lepido- 
dendron,  Dadoxylon,  and  other  trees  which  were  stranded  at  the  same  time. 
Similar  beds  of  Styliola  also  occur  in  the  Marcellus  shales  ^. 

These  three  members  of  the  American  series  are  universally  recognized 
as  forming  the  middle  Devonian  of  North  America ;  they  are  the  equiva- 
lents of  the  dolomite  and  limestone  beds  of  Livonia  and  Courland.  Above 
them  lies  the  Naples  shale,  also  containing  bituminous  beds  in  places,  with 

'  For  these  complicated  relations,  cf.  in  particular  J.  Hall,  Proc.  Amer.  Assoc, 
1883,  p.  66,  and  W.  M.  Davis,  The  folded  Helderberg  Limestones  East  of  the  Catskills, 
Boll.  Mas.  Comp.  2^ol.  Cambridge,  1883,  QeoL,  ser.  I,  pp.  311-829,  pi.  A  local  uncon- 
formity already  disturbs  the  relations  of  the  upper  Silurian  Niagara  Group  with  the 
lower  Silurian. 

'  H.  S.  Williams,  The  Recurrence  of  Faunas  in  the  Devonian  Rocks  of  New  York, 
Proc.  Amer.  Assoc,  1881,  XXX,  pp.  186-191 ;  another  recurrence  of  the  same  fauna 
is  even  asserted  to  occur  in  the  Utica  slates ;  also  by  the  same.  On  the  Fossil  Faunas 
of  the  Upper  Devonian  along  the  Meridian  of  70*'  30',  Bull.  U.  S.  GeoL  Surv.,  1884, 
No.  3,  pp.  55-86. 

'  J.  M.  Clarke,  On  the  higher  Devonian  Faunas  of  Ontario  County,  New  York; 
op.  cit.,  1885,  No.  16,  pp.  41-120,  pi. 
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marine  shells,  fish  remains,  and  terrestrial  plants.  Clarke  found  interaktel 
with  these  a  bed  of  nodular  limestone  with  Gtoniatites,  which  enables  mti 
correlate  this  member  with  the  base  of  the  upper  Devonian  of  Europe  ;aai 
at  the  same  time  it  corresponds  precisely  with  the  pefaroleum-beini| 
Domanik  shales  of  the  Fetehora  ^. 

Thus  the  chronological  equivalents  of  the  Russian  transgreBsioii  on  &• 
other  side  of  the  Atlantic  Ocean  have  now  been  determined. 

But  it  is  precisely  these  equivalents  of  the  maximtun  of  the  Bmui 
transgression,  i.  e.  the  rocks  of  the  Hamilton  group,  "which  have  beet 
met  with  on  the  western  border  of  the  Canadian  shield  and  in  the  vi% 
of  the  Mackenzie,  extending  far  beyond  the  region  of  the  Silurian  fonai- 
tions  of  the  United  States  up  to  the  shores  of  the  Arctic  Ocean  (II,  pi  Wj. 
We  have  seen  that  amongst  all  the  fossils  collected  between  the  Clear-wite 
in  lat.  56*  30'  N.  and  the  Arctic  Ocean,  Meek  recognized  none  but  speeia 
of  the  Hamilton  group.  Above  the  calcareous  Hamilton  beds  strieU; 
so  called,  lie  petroleum-bearing  shales  with  beds  of  Styliola  fieaur^ 
a  continuation  of  the  Genessee  shale  of  the  south,  and  the  organic  remain 
of  these  beds  remain  essentially  the  same  through  nearly  thirty  degrees  ot 
latitude,  from  Bock  island,  Illinois,  up  to  the  Arctic  Ocean  *. 

Nowhere  within  the  vast  region  which  extends  from  the  Clear-water  to 
the  Arctic  Ocean  is  the  Silurian  known  to  occur ;  future  explorers  mif 
perhaps  discover  it.  Yet  it  is  hard  to  understand  how  deposits  elsewhere 
of  such  wide  extension,  forming  part  of  a  flat-bedded  series  and  lying  neir 
the  Archaean  foundation,  should  escape  observation,  and  again,  why  the 
same  members  of  the  Devonian,  and  these  only,  should  always  have 
attracted  the  attention  of  the  observer. 

In  the  present  state  of  our  knowledge  we  must  conclude  that  the 
Hamilton  beds,  together  with  the  overlying  Genessee  shales,  advance  in 
a  great  transgression  over  the  western  part  of  the  Canadian  shield ;  thiu 
they  form  the  western  glint  and  insert  themselves  on  the  north  into  the 
Silurian-Devonian-Carboniferous  region  which  forms  the  Arctic  archipelaga 
In  what  way  these  beds  are  continued  within  the  zone  of  sandstone  which 
lies  in  this  region  beneath  the  Carboniferous  sandstone  is  at  present 
unknown. 

These  transgressive  deposits  of  western  Canada  are,  as  we  have  said,  the 
chronological  equivalents  of  the  transgressive  deposits  of  the  Russian 
Devonian.  Thus  we  arrive  at  the  conclusion  tJuU  a  very  coneiderahU 
extension  oftJte  Devonian  seas  took  iilace  siviultaneoudy  from  the  Ural  over 

^  The  Naples  shales  occupy  the  lower  part  of  the  Portage  Group ;  F.  Roemer  refian  the 
Goniatite  beds  of  Bfidcshcim  and  of  Torbay  in  Devonshire  to  this  horizon ;  Lethaeai 
1880,  I,  pp.  50,  53  ;  Clarke,  torn,  cit,  pp.  88,  39,  49.  Cardiola  retroshiaUi^  Buch,  extends 
through  the  whole  of  the  Hamilton  group  and  attains  its  maximum  in  the  Goniatite  bedi. 

*  F.  B.  Meek,  Trans.  Chicago  Acad.  Sci.,  1868, 1,  p.  77. 
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the  Rueeian  plain  towards  the  west  and  north-west^  and  from,  the  Rocky 
mountains  across  the  valley  of  the  Mackenzie  to  the  east.  The  correspon- 
dence extends  so  far  that  the  Domanik  shales  on  the  upper  Petchora  and 
the  contemporaneous  Genessee  shales  on  the  Athabasca  are  both  characterized 
by  the  presence  of  petroleum. 

The  positive  phase  in  the  middle  of  the  Devonian  system  thus  manifests 
itself  on  both  sides  of  the  Atlantic  Ocean  at  the  same  time. 

4.  The  Carboniferous  system.  In  discussing  the  phenomena  associated 
with  the  formation  of  the  great  coal  deposits  I  shall  again  confine  myself 
for  the  present  to  the  North  Atlantic  region,  using  this  term  in  the  widest 
sense,  to  indicate  that  part  of  the  northern  temperate  zone  which  extends 
from  the  Ural  in  the  east  to  the  Bocky  mountains  in  the  west  or  over 
nearly  half  a  circle  of  latitude.  In  this  region,  throughout  the  whole 
of  the  Carboniferous,  so  striking  a  correspondence  prevails  between  the 
most  important  members  of  the  series  on  both  sides  of  the  Atlantic  that 
we  may  venture  to  consider  the  European  and  American  areas  together, 
comparing  them  step  by  step. 

(a)  The  sediments  of  this  period  begin  for  the  most  part  with  a  sandstone 
deposit  of  variable  thicknesa  In  Scotland  it  is  called  the  Calciferous  sand- 
stone, in  Ireland  the  Coomhola  grit,  in  eastern  Canada  the  lower  Coal- 
measures,  in  Pennsylvania,  according  to  the  nomenclature  employed  by 
Rogers,  the  Vespertine  and  Umbral  series ;  towards  the  west  these  beds 
decrease  in  importance ;  in  Ohio  they  are  known  as  the  Waverley  sandstone. 
In  Illinois,  however,  the  clastic  sediments  derived  from  the  land  thin  out, 
and  dolomitic  limestone  with  marine  fossils  takes  their  place;  the  series 
is  then  known  as  the  Einderhook  group. 

Just  as  the  series  thins  out  as  it  proceeds  from  east  Canada  and  Virginia 
towards  the  west,  so  it  does  in  Europe  when  traced  from  Great  Britain  to 
the  east ;  and  in  the  south  of  Russia  there  reappear  in  the  lowest  marine 
beds  of  the  Carboniferous  some  of  the  characteristic  marine  fossils  of  the 
Einderhook  group  of  Illinois. 

In  Great  Britain  the  remains  of  terrestrial  plants,  and  in  a  few  cases 
of  marine  animals,  are  interspersed  in  this  lowest  series.  Eirkby  has  given 
an  exact  account  of  the  succession  in  the  Calciferous  limestone  of  Fife 
in  Scotland.  Here  the  lowest  part  of  the  series  is  not  exposed ;  neverthe- 
less we  are  able  to  examine  a  thickness  of  more  than  8,900  feet.  Within 
the  upper  8,400  feet— that  is,  the  whole  series  with  the  exception  of  its 
lowest  part — there  are  about  fifty  thin  beds  of  coal  three  inches  and  upwards 
in  thickness,  many  of  them  resting  on  beds  of  clay  with  Stigmaria,  which 
are  regarded  by  most  observers  as  the  original  roots  of  the  forest  growth, 
or  as  a  proof  that  the  coal  was  formed  in  situ.  Plant  remains  also  occur 
scattered  through  the  sandstone.  In  addition,  there  are  not  less  than 
eighteen  beds  of  shale  or  thin  layers  of  limestone  intercalated  in  this  series 
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at  various  levels  and  containing  marine  shells.  Thus^  2,280  feet  below  tk 
upper  limit  of  the  Calciferous  sandstone  an  Elncrinite  bed  oceuzs  with  35-40 
species  of  marine  shells,  and  numerous  Crinoids,  and  this  contains  stea 
of  Lepidodendron  and  Dadoxylon  \  But  if  the  underclay  with  Stigmuii 
is  to  be  recognized  as  the  original  soil,  then  the  conditions  favourable  totht 
growth  of  land  or  marsh  plants  must  here  have  alternated  often  indeed 
with  periods  of  occupation  by  the  sea. 

On  the  Atlantic  coast  of  Ireland  the  thickness  of  this  series  amoimti; 
according  to  Hull,  to  about  1,500  feet  *. 

In  New  Brunswick  and  Nova  Scotia,  where  the  series  attains  a 
prodigious  thickness,  the  occurrence  of  workable  coal  is  well  knowi, 
but  intercalations  of  marine  beds  are  absent  In  the  "west,  on  the  other 
hand,  in  Illinois,  the  Einderhook  group  is  formed  chiefly  of  friable  bed!; 
often  dolomitic,  which,  as  we  have  seen,  contain  marine  fossils  '. 

In  the  Pyrenees  and  in  Asturias  the  'Marbre  griotte'  distingaished 
by  its  Ooniatites  must  be  assigned,  according  to  Barrois,  to  the  lowest  pftits 
of  the  Carboniferous  system  *. 

{b)  Above  this  lowest  division  of  the  Carboniferous  there  lies,  in  Eon^ 
as  in  America,  the  Carboniferous  limestone,  which,  by  its  abondance  in 
all  kinds  of  marine  animals  and  by  the  great  thickness  it  attains,  indicates 
the  prolonged  existence  of  the  open  sea  over  the  greater  part  of  the  regkn 
before  us.  We  can  scarcely  otherwise  represent  the  facts  than  by  sapposing 
that  after  the  singular  oscillations  which  took  place  in  Scotland  during  the 
deposition  of  the  Calciferous  sandstone,  just  illustrated  by  an  example, 
pelagic  conditions  were  established  far  and  wide. 

In  England,  according  to  Hull,  the  Carboniferous  limestone  increases  in 
importance  towards  the  south-east ;  in  Belgium  it  occurs  with  a  thickness 
of  800  meters ;  it  extends  over  a  large  part  of  Germany  without  acquiring 
any  great  thickness,  and  then  broadens  out  in  a  great  sheet  over  the  Russian 
plain,  extending  far  beyond  the  Ural  and  into  the  Arctic  regions.  It  forms 
a  large  part  of  the  surface  of  Ireland,  attaining  there  a  thickness  of  2,500 
to  8,000  feet,  and  it  occurs  in  France  as  well  as  in  Spain. 

Across  the  Ocean  it  appears  in  eastern  Canada,  with  intercalations 
of  reddish  shales  accompanied  by  gypsimi,  an  indication  of  interrupted 

*  J.  W.  Eirkby,  On  the  Zones  of  Marine  Fossils  in  the  Calciferous  Sandstone 
Series  of  Fife,  Quart.  Journ.  Geol.  Soc,  1880,  XXXVI,  pp.  559-590 ;  also  R.  Etheridge, 
jun.,  On  our  present  Knowledge  of  the  Invertebrate  Fauna  of  the  Lower  Carbonlferooi 
or  Calciferous  Sandstone  series  of  the  Edinburgh  neighbourhood,  op.  cit.,  1878,  XXXIV, 
pp.  1-26,  pi. 

'  E.  Hull,  Physical  Geography  and  Geology  of  Ireland,  8yo,  London,  1878,  p.  81. 

*  A.  H.  Worthen,  Geology  of  Illinois,  1868,  III,  p.  115  et  passim. 

*  C.  Barrois,  Recherches  sur  les  terrains  anciens  des  Asturies  et  de  la  (ralicie, 
Mdm.  Soc.  G^ol.  Nord,  Lille,  1882,  I,  pp.  570,  576,  and  583  et  passim ;  also  BoL  Com. 
Mapa  geol.  Espa&a,  1881,  VIII,  pp.  181-155. 
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deposition  and  the  temporary  existence  of  evaporating  lagoons^.  It  is 
alment  in  Virginia,  where  a  great  deposit  of  sandstone  takes  its  place. 
Beyond  this  region  to  the  west,  on  the  other  hand,  it  begins  to  increase 
again  in  thickness.  In  the  south-west  of  Illinois  it  is  1,200  to  1,500  feet 
thick.  From  this  we  see  that  the  Carboniferous  limestone  of  the  central 
part  of  the  United  States  was  separated  from  the  Atlantic  region  by 
a  deposit  of  sand,  that  is  by  a  clastic  zone  occupying  very  nearly  the 
site  of  the  existing  mountain  chains  of  the  east,  and  that  consequently 
communication  with  the  Carboniferous  sea  of  Europe  could  only  have  taken 
place  by  a  circuitous  route.  Nevertheless  there  is  a  close  correspondence 
between  the  faunas  of  the  two  regions,  and  with  the  progress  of  investiga- 
tion the  number  of  identical  species  continually  augments  ^ 

Several  series  have  been  distinguished  in  the  Carboniferous  limestone ; 
by  Hull  and  Worthen  in  America,  and  by  Oosselet  and  Dupont  in  France 
and  Belgium.  De  Eoninck  has  made  an  attempt  to  compare  these  with 
one  another,  as  well  as  with  those  of  Russia  '. 

(c)  and  (d)  In  Europe  a  stage  now  appears  which  has  not  been  recorded 
in  America;  in  typical  localities  it  presents  the  character  of  a  littoral 
formation  with  a  mixture  of  terrestrial  plants  and  marine  shells.  This 
is  the  Culm  or  the  Yoredale  beds.  Its  flora  is  widely  distributed  beyond 
the  limits  of  Europe.  The  Culm  occurs  in  Ireland  and  England,  in  Belgium, 
on  the  Rhine,  in  the  Yosges,  and  in  the  Harz,  and  following  the  Variscan 
folds  it  extends,  not  indeed  without  interruption,  but  with  constant  charac- 
ters, as  far  as  Moravia.  It  is  known  in  France,  F.  Roemer  has  shown  that 
it  occurs  in  Spain  and  Portugal,  and  Toula  has  discovered  it  in  the  western 
Balkans  \ 

Some  observers  hold  the  opinion  that  close  relations  exist  between 
the  Culm  and  the  unproductive  sandstone  or  MiUstons  grit ;  a  sandstone 
deposit  which  occurs  in  some  regions  in  great  thickness  and  is  absent 
in  others.  Where  the  Culm  is  not  present  the  unproductive  sandstone 
rests  directly  on  the  Carboniferous  limestone.  From  Hull's  useful  summary 
we  see  that  the  Millstone  grit  and  beneath  it  the  Yoredale  beds  attain  the 

^  Dawson,  Acadian  Geology,  in  particular  p.  278  et  seq. 

'  e.  g.  S.  G.  Perceval,  Palaettcis  cuneata,  Geol.  Mag.,  1876, 2nd  ser..  Ill,  p.  267  ;  Etheridge 
and  Nicholson,  On  Palaeacis,  Ann.  Mag.  Nat.  Hist.,  1878,  5th  ser.,  I,  p.  206  eit  seq. ; 
G.  A.  Lebour,  Note  sor  deux  fossiles  du  Calcaire  carbonif^re  de  Northumberland,  Ann. 
Soc.  g^l.  Belg.,  Liege,  1876,  III,  p.  21  et  seq. 

'  L.  G.  de  Koninck,  Note  sur  le  Spirifer  Mosquensis ;  Bull.  Mus.  Hist.  nat.  Belg.,  1888, 
II,  pp.  371-379. 

*  F.  Roemer,  Ueber  das  Yorkommen  von  Culm-Schichten  mit  Posidonomya  Becheri  auf 
dem  Stidabbange  der  Sierra  Morena,  Huelva,  Zeitschr.  deutsch.  geoL  Ges.,  1872,  XXIY, 
pp.  589-592;  and  by  the  same,  Ueber  das  Yorkommen  von  Culme-Schichten  mit 
Posidonomya  Becheri  in  Portugal,  tom.  cit.,  1876,  XXYIII,  pp.  354-360;  F.  Toula, 
Geologische  Untersuchungen  im  westlichen  Theile  des  Balkan,  Sitz.  k.  Akad.  Wiss. 
Wien,  1878,  LXXYII,  pp.  249-317,  and  in  particular  pp.  253  and  307. 
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greatest  thickness  in  south  Lancashire ;  indeed  the  first  is  estimtBd 
at  8,500  to  5,000  feet,  the  second  at  2,000  to  4,000  feet.  In  YcnkduR, 
Derbyshire,  and  north  Staffordshire  the  thickness  is  still  oonaidenUe; 
then  it  diminishes  in  all  directions  somewhat  rapidly,  and  only  near  BriiU 
rises  a^in  exceptionally  to  about  950  feet  \ 

The  unproductive  sandstone  reappears  in  Westphalia  and  there  FestecB 
the  Culm ;  von  Dechen  gives  confirmative  evidence  to  show  that  these  two 
deposits  are  difficult  to  distinguish,  and  several  species  of  Calm  phiiti 
appear  in  the  unproductive  sandstone  ^. 

Beyond  the  Ocean  we  see  the  unproductive  sandstone,  in  Pennsylwui 
1,000-1,500  feet  thick,  extending  along  the  Appalachians  towards  Yiigimi 
and  Tennessee,  and  at  the  same  time  increasing  rapidly  in  thickness  towaidi 
the  west.  The  occurrence  of  the  Carboniferous  limestone  in  Eureka 
in  America,  succeeded  in  both  regions  by  the  unproductive  sandstone,  ii 
so  striking  a  fact  that  it  was  adduced  by  Dana  as  a  conspicuous  proof  of 
the  contemporaneity  of  the  changes  which  have  affected  both  hemispheml 

(e)  We  have  now  reached  that  series  of  deposits  in  which  the  greatok 
quantity  of  fossil  fuel  lies  accumulated.  Many  unsolved  problems  are  otm- 
nected  with  the  origin  of  the  coal,  and  it  will  be  necessary  to  enter  into 
some  detail. 

Marine  conditions  are  on  the  wane,  but  have  by  no  means  altogether 
disappeared.  In  the  mighty  deposits  composed  chiefly  of  sandstone  and 
shale,  that  is,  clastic  sediments  derived  from  the  land,  the  coal  beds  as  a  role 
are  repeated  one  above  the  other  a  great  number  of  times«  The  ooal-field 
of  Ostrau  and  Earwin  in  Moravia  and  Silesia  includes  two  series  of  ootl- 
bearing  formations  of  different  age.  Leaving  out  of  account  the  beds 
under  15  cm.  in  thickness,  the  lower  divisions  contain  179  coal  beds  in 
a  thickness  of  3,793  meters;  and  the  upper  division,  which  is  415  meters 
thick,  includes  thirty«nine  coal  beds;  or  both  together  218  coal  beds  in 
a  formation  4,208  meters  thick,  and  on  an  average  one  meter  of  coal  to 
twenty-eight  meters  of  sandstone  and  shale  ^. 

In  contrast  to  this  we  see  that  in  central  Bohemia  the  coal-bearing 
formations  contain  coal  only  in  their  lowest  part,  and  the  number  of  beds 

*  E.  Hull,  On  tbe  Upper  Limit  of  the  essentially  Marine  Beds  of  the  Gubonifexoni 
Group  of  the  British  Isles  and  adjoining  Continental  Districts ;  Qnart.  Jonrn.  G^L  SoCt 
1877,  XXXIII,  pp.  613-650. 

'  Von  Dechen,  Erl&uterangen  zar  geologischen  Earte  der  BheinproTixu  und  der 
Provinz  Westfalen,  II,  1884,  p.  220 ;  D.  Stur,  Verh.  k.  k.  geoL  Reichi.,  1876»  p.  266. 
Also  Hull  (torn,  cit.,  p.  619)  points  out  similar  relations  between  the  Culm  and  the 
sterile  sandstone. 

'  J.  D.  Dana,  Manual  of  Geology,  2nd  ed.,  1875,  p.  894 ;  also  H.  Martin  Chance,  The 
Millstone  Grit  in  England  and  Pennsylvania,  Am.  Joum.  Sci.,  1881,  XXI,  p.  134. 

*  Monographie  des  Ostrau-Earwiner  Steinkohlen-Revieres,  herausgegeben  nnd  bear- 
beitet  vom  Berg.-Hdtt.  Ver.,  M&hr.-Ostrau,  4to,  Teschen,  1885,  Geognostischer  Tlieil 
von  W.  JiCinsky,  p.  18. 


OH.  v]  UNDERCLAY  237 

over  15  cm.  thick  hardly  amounts  to  more  than  eight  or  ten,  of  which 
the  lowest  it  is  true  attain  an  imposing  thickness.  These  measures  are 
followed  by  a  very  great  a«ccumulation  of  unproductive  sandstone  and 
shales,  and  then  by  upper  Goal-measures,  perhaps  of  Permian  age  ^. 

The  Croal-measures  of  Moravia  and  Silesia  rest  conformably  on  the 
Culm,  and  a  part  of  the  Culm  flora  extends  into  their  lowest  beds ;  the 
C!oal-measures  of  central  Bohemia,  on  the  other  hand,  rest  in  transgression 
on  Archaean  and  Silurian  rocks.  The  first  region  contains  marine  inter- 
calations, the  second  does  not.  This  is  the  first  example  which  shows  how 
manifold  were  the  conditions  under  which  the  Coal-measures  were  produced. 

Marine  beds  are  not  seldom  intercalated  with  the  Coal-measures. 
It  has  often  been  maintained  that  the  repeated  formation  of  coal  beds  has 
been  caused  by  so  many  oscillations  of  the  solid  land.  In  England  especially 
insistence  has  been  laid  on  the  fact  that  below  most  of  the  coal  beds  a  day, 
the  '  underclay,'  is  present,  filled  with  the  still  rooted  trunks  of  the  plants 
which  formed  ike  coal,  as  we  have  already  mentioned  in  speaking  of  the 
Calciferous  sandstone  of  Fife:  the  coal  must  thus  have  been  formed  in 
place,  and  each  particular  bed  indicates  the  occurrence  of  a  fresh  land 
surface  or  marsh,  on  which  a  new  forest  growth  arose.  We  will  not 
now  inquire  how  often  the  whole  solid  crust  of  the  planet  must  have  been 
moved  upwards  and  downwards  in  order  to  form  such  series  of  beds, 
but  will  first  attempt,  beginning  in  the  west,  to  obtain  a  general  survey 
of  the  various  types  of  development  among  the  Coal-measures.  It  will  then 
be  seen  that  above  the  marine  fauna  of  the  Carboniferous  limestone 
mentioned  above  there  exists  in  the  Culm  and  in  the  intervening  beds 
another,  although  not  sharply  differentiated,  marine  fauna,  and  that  this 
is  followed  later  by  yet  another  fauna,  the  marine  fauna  of  the  upper 
Carboniferous  or  that  of  the  Fusulina  limestone. 

In  Utah  and  Nevada,  the  most  westerly  part  of  the  regions  considered 
here,  the  whole  Carboniferous  is  represented  by  marine  deposits  which 
attain  an  extraordinary  thickness ;  Clarence  King  gives  for  the  Wahsatch 
limestone,  which  contains  lower  Carboniferous  fossils  and  perhaps  extends 
down  into  the  Devonian,  a  thickness  of  7,000  feet  in  the  Wahsatch  moun- 
tains ;  for  the  Weber  quartzite  resting  on  the  limestone  6,000  feet,  and  for 
the  upper  Carboniferous  limestone  2,000  feet.  The  figures  given  for  central 
Nevada  are  not  quite  so  large.  It  is  worthy  of  note  that  in  Nevada,  in  the 
midst  of  masses  of  marine  limestone,  amongst  corals  and  brachiopods, 
Walcott  has  discovered  two  species  of  air-breathing  gastropods  which  must 
evidently  have  been  borne  in  from  a  distance  ^. 

*  M.  v.  Lipoid,  Das  Steinkohlengebiet  im  nordwestlichen  Theile  des  Prager  EreisOB 
in  Bohmen ;  Jahrb.  k.  k.  geol.  Reichs.,  1861  and  1862,  XII,  pp.  431-525,  pi. 

*  Phyaa  prisea,  Zaptychius  eariwnaria,    Walcott,  Palaeontology  of  the  Eureka  District, 
1884,  VIII,  pp.  262,  263. 
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To  the  east,  on  the  outer  border  of  the  Bocky  motintaiiis  and  as  bm 
the  Black  hills,  Dakota,  the  thickness  greatly  decreases ;  but  the  depoaii 
are  all  marine. 

Still  further  to  the  east  beyond  the  prairies,  the  Coal-measures  b^  to 
make  their  appearance.  At  first,  in  eastern  Nebraska,  the  ooal  beds  aoeori* 
ing  to  Meek  are  certainly  very  rare,  small  and  scarcely  workable;  bediol 
marine  Fusulina  limestone  alternate  with  beds  of  shaJe  which  inetode  tb 
scattered  remains  of  half -decayed  plants  and  some  tree  steins  ^. 

Beyond  the  Missouri  in  Iowa  there  are  many  workable  seams,  but  ahrqi 
associated  with  the  marine  limestone.  The  Coal-measares  rest  on  the  lower 
Carboniferous  limestone.  In  the  south-east,  where  there  was  open  sea^  the 
Carboniferous  limestone  is  everywhere  visible  beneath  the  Coal-mearanik 
but  towards  the  north,  in  Iowa  and  Illinois,  the  latter  extend  far  beyond 
the  Carboniferous  limestone,  and  often  rest  on  Devonian  or  Silurian  bed& 
Towards  the  Appalachians  the  Carboniferous  limestone  is  represented,  asm 
have  seen,  by  sandstone,  conglomerate  and  shales.  During  this  transgreanai 


Fio.  25.  Section  near  Jotoa  cUy,  after  J.  Hall. 

a,  Devonian  limestone;  b,  coarse  sandstone  in  wavy  layers;  e,  gr^  and  greeniah  daj;  i| 
small  seams  of  ooal,  the  lower  part  shaly,  containing  nsh  teeth. 

it  happened  that  the  transgressive  coal-bearing  sediments  penetrated  from 
above  into  cavities  of  the  Devonian  limestone,  and  formed  within  these 
cavities  little  stratified  deposits  which  even  contain  fish  remains,  and  in  one 
place  a  little  bed  of  coal.  These  facts,  which  have  been  described  by  J.  Hall, 
have  an  important  bearing  on  explanations  to  follow  *  (Fig.  25). 

The  Coal-measures  of  this  region  are  distinguished  by  the  frequent 
intercalations  mentioned  above  of  f  ossilif  erous  marine  beds  between  the  ooal 
seams ;  Worthen  describes  a  section  at  New  Haven  on  the  lower  Wabash^ 
Illinois,  in  which  twenty  f ossilif  erous  marine  intercalations  and  sixteen  ooal 


'  F.  B.  Meek,  Report  on  the  Palaeontology  of  East  Nebraska  (in  Hayden,  Rep.  U.  S. 
Geol.  Surv.  Nebraska),  4to,  Washington,  1872,  p.  134  et  passim. 

'  J.  Hall,  in  Hall  and  Whitney,  Report  on  the  Geological  Survey  of  the  State  of  Iowa» 
8to,  1858,  pp.  117,  130,  131.  Richthofen  saw  the  same  thing  in  Shantung  and  Shami; 
of.  his  China,  II,  pp.  203,  411,  437,  718;  and  in  Newfoundland  Carboniferous  fosib 
are  found  in  the  cavities  of  the  Silurian  limestone ;  Murray  and  Howley,  (Geological 
Report,  Newfoundland;  London,  1881,  p.  333,  note. 
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beds  occur  in  alternation.  Some  of  the  marine  beds  attain  a  thickness  of 
thirty-five  feet  ^ 

These  marine  intercalations  continue  to  Ohio  and  west  Virginia;  in 
Pennsylvania  they  come  to  an  end.  They  are  also  absent  in  eastern  Canada. 
In  the  section  of  the  south  Joggins,  on  the  northern  arm  of  Fundy  bay, 
which  was  studied  by  Logan,  Lyell,  and  Dawspn,  the  Carboniferous  forma- 
tion is  exposed  along  the  coast ;  there  are  eighty-one  beds  of  coal,  most  of 
them  resting  upon  underclay.  We  meet  with  stems  of  trees  standing 
upright,  reptiles  in  hollow  tree-trunks,  air-breathing  mollusca,  remedns  of 
fishes  also,  but  no  marine  intercalations  \ 

In  continuing  this  rapid  survey  of  Europe  we  must  now  distinguish  two 
groups  of  Coal-measures.  The  first  belongs  to  the  outer  border  of  the 
Armorican  and  Variscan  chains,  or  lies  to  the  north  of  this  border.  It 
comprises  all  the  coal-fields  of  the  British  isles  and  of  the  north  of  France, 
next  those  of  Belgium  and  Westphalia,  and  then,  after  a  long  interval,  those 
of  upper  Silesia  and  Moravia.  The  second  group  lies  south  of  the  first;  the 
coal-fields  on  the  Saar  and  in  central  Bohemia,  and  that  of  Schatzlar- 
Waldenburg,  belong  to  it.  In  the  first  group  marine  intercalations  are 
known  to  occur,  in  the  second  there  are  none  or  at  most  feeble  indication& 

Where  the  first  group  forms  a  part  of  the  border  of  the  folded  ranges  it 
rests  conformably  on  the  next  older  deposits.  The  second  group  lies  trans- 
gressively  on  various  rocks.  This  at  least  appears  to  be  the  rule  from 
Moravia  onwards  as  far  as  the  Rhine. 

The  numerous  isolated  baains  which  contain  the  rich  Coal-measures  of 
the  British  isles  are  probably  only  the  remains  of  a  once  continuous  forma- 
tion, broken  up  by  denudation  and  preserved  owing  to  their  tectonic 
position.  In  the  important  coal-fields  of  the  south-west  of  England,  i.  e. 
those  of  South  Wales,  the  Forest  of  Dean,  and  Bristol,  the  original  con- 
tinuity may  be  most  clearly  recognized.  The  coal-fields  of  Coalbrookdale, 
south  Stafibrdshire,  and  Warwickshire  are  still  perhaps  connected  under- 
ground. The  coal-fields  of  Ireland  and  of  the  great  trough  of  Scotland 
may  also  be  regarded  as  parts  of  a  single  sheet.  At  the  same  time  a  very 
great  degree  of  variability  characterizes  the  thickness  of  the  underlying 
coal-bearing  sandstone,  as  well  as  the  nature  of  the  overlying  beds. 
The  coal-field  of  south  Stafibrdshire  rests  unconformably  on  the  upper 
Silurian  ^ 

Marine  intercalations  are  found  only  in  the  lower  parts  of  the  Coal- 
measures;  higher  up  they  become  rare,  of  trifiing  thickness,  and  present 

*  A.  H.  Worthen,  Geological  Survey  of  Illinois,  8vo,  Boston,  1875,  VI,  p.  2-5. 

'  Dawson,  Acadian  Geology,  pp.  150-218.  The  whole  thickness  is  quoted  on  Logan*B 
authority  at  14,570  feet,  but  it  is  doubtful  whether  the  uppermost  of  these  beds  do 
not  belong  to  the  Permian  period ;  Dawson,  Quart.  Joum.  Geol.  Soc.  1874,  XXX,  p.  209. 

'  A.  C.  Ramsay,  The  Physical  Geology  and  Geography  of  Great  Britain,  5th  ed.,  8vo, 
London,  1878,  pp.  119-128. 
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a  purely  littoral  character ;  still  higher  they  disappear  altogether.  In  i 
general  account  of  these  intercalations  by  Hull,  the  lower  subdivisioDS  vt 
spoken  of  as  the  Gannister  beds  \ 

The  Gannister  beds,  characterized  by  the  presence  of  marine  fossils,  in 
present  in  all  the  Irish  coal-fields,  with  the  exception  of  the  BallycuUe 
coal-field  in  Antrim,  which  belongs  to  a  still  lower  horizon :  they  also  ooeor 
in  Scotland,  and  in  the  various  basins  in  England,  whence  they  are  oon« 
tinned  into  the  continent.  The  same  marine  intercalations  are  found  intk 
Coal-measures  of  the  north  of  France,  as  for  instance  near  Auchy-an-Bds, 
and  at  several  localities  in  Belgium.  In  the  basin  of  Charleroi  the  gapng 
valves  of  a  Mytilus  still  attached  in  pairs  occur  in  great  numbers.  This  b 
precisely  what  may  be  seen  on  a  modem  beach  when  mussels  have  quietly 
decomposed :  the  adductor  muscles  give  way  first,  then  the  shell  flies  cfpen 
These  beds  thus  mark  undisturbed  deposition  ^. 

In  the  Coal-measures  of  Westphalia  there  are  numerous  intercalatioos 
containing  shells;  the  lower  of  these  are  of  purely  marine  origin,  but  hi^ier 
up  they  contain  only  species  of  the  genus  Anthracosia,  the  marine  nature  of 
which  is,  to  say  the  least,  doubtful.  Von  Dechen  has  given  the  complete 
succession  of  these  beds  ^. 

The  presence  of  marine  intercalations  in  the  Coal-measures  of  upper 
Silesia  was  first  discovered  by  F.  Roemer  in  1863,  and  ia  1870  he  compared 
this  remarkable  series  with  the  Gannister  beds  or  '  Pennystone '  of  Coat 
brookdale  and  Carluke  in  Scotland.  Eosmann  has  shown  that  they 
repeat  themselves  at  definite  horizons  and  may  render  great  service  in 
determining  the  succession  of  the  coal  bed&  The  shell-bearing  beds  are 
partly  of  marine  origin,  doubtless  indeed  littoral,  and  contain  such  genera 
as  Phillipsia,  Bellerophon  and  Productus ;  others  exhibit  limnic  chaiactera, 
and  these  contain  Anthracosia  and  Modiola  ^ 


*  Hnll,  Upper  Limit,  &c.,  p.  616  et  seq. 

'  C.  Barrois,  Notice  ear  la  fauna  marine  da  terrain  houiller  da  basdn  aeptentiioBal 
de  la  France,  BuU.  Soc.  geol.  de  Fr.,  8*  sdr.,  II,  1873-1874,  pp.  223-226;  Gosaelet, 
Esqaifise  geologique  du  Nord  de  la  France,  8vo,  Lille,  1880,  p.  149  et  seq. ;  Briart  et 
Comet,  Notice  sur  la  position  stratigraphiqae  des  lits  coquilliers  dans  le  terrain  hooiller 
du  Hainaat,  Ball.  Acad.  Roy.  Belg.,  1872,  2«  s^r.,  XXXIII,  pp.  21-81 ;  R.  Malherbe, 
Des  horizons  coquilliers  du  systeme  houiller  de  Liege,  Ann.  Soc.  G^oL  Bel^.,  Liege, 
1876,  III,  p.  Ixvii  et  seq.  Beds  are  here  considered  which,  judging  from  the  character 
of  the  fossil  shells,  are  not  indubitably  of  marine  origin;  the  gaping  Mjiiloa  are 
described  by  G.  Blanchard  and  J.  Smeysters,  Note  sur  quelques  fossiles  rencontr^ 
dans  le  systeme  houiller  de  Charleroi,  op.  cit.,  1879-1880,  VII,  M^m.,  p.  15. 

'  H.  von  Dechen,  Erl&uterungen  zur  geologischen  Earte  der  RheinproTiu,  II, 
p.  247  et  seq. 

*  F.  Roemer,  Ueber  eine  marine  Conchylienfauna  im  productiven  Steinkohlengebiige 
Oberschlesiens,  Zeitschr.  deutsch.  geol.  Ges.,  1868,  XV,  pp.  567-606;  by  the  same, 
Gkologie  von  Oberschlesien,  8vo,  1870,  in  particular  pp.  94,  95 ;  Weiss,  Zeitschr.  deutscL 
geol.  Ges.,   1879,  XXXI,  p.  219,  &c. ;  Eosmann,    Die   neueren  geognoiiiachen  and 
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The  investigations  pursued  for  many  years  by  D.  Stur,  on  the  prolonga- 
tions of  the  upper  Silesian  coal-field  into  Austria  at  Ostrau  and  Earwin, 
have  established  the  following  facts.  The  Coal-measures  lie  conformably 
on  the  Culm,  which  contains  terrestrial  plants  and  at  the  same  time  marine 
animals,  as  in  Nassau.  A  part  of  the  flora  of  the  CMm  ascends  into  the 
lower  division  of  the  coal-bearing  beds,  and  forms  together  with  additional 
species  the  upper  Culm  flora,  the  zone  of  Sphenophyllv/m  tenerrimum,  or 
the  Ostrau  beds.  This  zone  includes  five  groups  of  coal  seams ;  in  the  three 
lower  of  these  marine  intercalations  occur  similar  to  those  observed  by 
F.  Roemer  in  upper  Silesia.  The  most  important  of  these  lies  between  the 
third  and  fourth  coal-bearing  groups ;  Stur  likewise  believes  that  it  repre- 
sents the  English  Qannister.  In  the  fourth  and  fifth  groups  we  have  only 
the  genus  Modiola,.then  Anthracosia  in  great  quantity,  and  finally  Eury- 
pterus,  Cypris,  and  Planorbis.    The  marine  character  has  disappeared. 

Now  foUowB  a  higher  division  of  the  coal-bearing  formation^  a  new 
flora,  the  Schatzlar  beds;  in  these,  marine  intercalations  are  unknown^. 

These  facts  show  that  throughout  the  central  part  of  the  United  States, 
from  Indiana  and  Iowa  to  western  Pennsylvania,  frequent  marine  inter- 
calations occur  between  the  coal  beds,  and  these  only  cease  in  those  eastern 
regions  where,  as  in  the  Alleghanies,  the  underlying  Carboniferous  limestone 
is  also  replaced  by  sandstone  and  shales ;  or  where,  as  in  New  Brunswick, 
the  proximity  of  the  shore  is  revealed  by  interbedded  gypsiferous  marls. 
The  intercalations  are  more  considerable  in  the  lower  parts  of  the  coal- 
bearing  formations,  and  there  the  marine  origin  is  more  clearly  manifest, 
while  towards  the  upper  part  littoral  characters  become  increasingly  evident 
and  the  intercalations  are  in  general  of  slight  importance. 

Similar  marine  intercalations  are  present  in  the  Coal-measures  of 
Scotland,  Ireland,  England,  the  north  of  France,  Belgium,  ^yestphalia, 
upper  Silesia,  and  north  Moravia.  Here  also  the  lower  beds  contain 
a  fauna  certainly  marine ;  these  are  followed,  either  immediately  or  after 
some  previous  alternations,  by  littoral  moUusca  or  by  mollusca  of  uncertain, 
perhaps  of  lacustrine  origin,  such  as  the  Anthracosia ;  still  higher  in  the 
series,  however,  these  intercalations  are  wholly  absent. 

Notwithstanding  this  apparent  correspondence  the  intercalations  in 
Europe  and  America  are  not  of  the  same  age.  Those  of  Europe  are  the 
Qannister  beds,  which  are  closely  allied  by  their  fauna  to  the  lower 
Carboniferous;  certain  new  species  contribute  an  additional  feature  and 
the  more  important  groups  characteristic  of  the  open  sea  are  usually  absent. 

pal&ontologischen  Aufschltlsse  auf  der  ESnigsgrube  bei  EOnigBhUtte,  Obe]>Schlesien ; 
Zeitgchr.  f.  Berg.-,  HQtt.-,  Salin.,  Berlin,  1880,  XXVIII,  pp.  305-340,  maps. 

^  D.  Stur,  Die  Culmflora  der  Ostrauer  und  Waldenburger  Schichten ;  Abh.  k.  k. 
geol.  Reichs.,  1877,  YIII,  p.  423  et  seq.  According  to  Stur  the  marine  intercalations 
here  belong  to  Coal-measures  lower  in  the  series  than  those  of  Westphalia  and  Belgium, 
which  he  assigns  to  the  Schatzlar  group. 

lOLLAg   II  -J^ 


242  PALAEOZOIC  SEAS  [PAnm' 

The  American  intercalations,  on  the  other  hand^  contain  the  fauna  o(  tk 
upper  Carboniferous,  that  is  of  the  Fusulina  limestone. 

The  case  is  otherwise  in  southern  Europe. 

In  Asturias,  according  to  Barrois,  the  Carboniferous  limestone  is  snooMU 
by  beds  containing  the  Culm  flora,  these  by  an  alternating^  series  of  htk 
some  containing  plants  and  others  marine  mollusca,  which  ascend  up  totk 
level  of  the  intercalations  met  with  in  America  on  the  horizon  of  tk 
Fusulina  limestone,  as  is  shown  by  the  identity  of  a  large  number  of  specieil 

Still  more  remarkable  are  the  facts  observed  in  the  southern  Alps,  (k 
the  Auemig  and  the  Eronalp,  near  Pontaf el  in  Carinthia,  we  find  a  frequflt 
alternation  of  yellow  sandstone,  which  contains  plants  belonging  to  the 
uppermost  Carboniferous  flora,  and  of  dark  limestone  filled  with  FusoIIbi 
and  characterized  by  a  marine  fauna,  which  may  be  correlated  with  tbi 
of  the  upper  Carboniferous  intercalations  of  America.  The  sandstoDeii 
associated  with  beds  of  quartzose  conglomerate ;  sometimes  a  few  iaohtod 
marine  shells  are  found  along  with  its  plant  remains  '. 

There  is  thus  a  complete  correspondence  between  these  sectioDB  k 
Carinthia  and  those  of  the  coal-fields  of  Illinois  and  Iowa.  In  Carinthii 
the  coal  beds  are  represented  by  plant-bearing  sandstone,  but  the  altematiif 
facies  is  present  in  one  locality  as  in  the  other. 

In  the  south  of  Russia  workable  measures  crop  out  on  the  Donets 
Some  difierence  of  opinion  prevails  as  to  the  succession  of  the  strata  in  the 
principal  region,  but  on  the  north  border  of  the  basin  near  Kaluga^  Tnli, 
and  south  of  Rjasan,  the  facts  have  been  completely  elucidated  by  the 
investigations  of  A.  Struve  ^. 

^  Barrois,  Astaries,  pp.  582,  598,  &c. 

*  I  have  frequently  stayed  for  a  considerable  time  in  the  Efiihweger  and  Waiicliiger 
Htitten  and  the  HQtte  am  Ofen  in  order  to  gain  a  knowledge  of  these  beda.  In  1871 
I  traced  the  succession  in  the  Krone ;  it  appeared  that  the  little  patch  of  Coal-meMTua 
with  Productus,  which  is  also  mentioned  by  Stache,  is  separated  from  the  series  lij 
a  dislocation.  It  lies  higher  than  the  yellow  sandstone  beds,  which  are  distinguished 
by  large  specimens  of  Spirophyton,  and  shows  an  alternation  of  sandstone  and  qnartttse 
conglomerates  repeated  four  or  five  times,  and  of  bluish-black  Fusulina  limestone.  Plant 
remains  occur  in  the  sandstone,  which  D.  Stur  has  been  kind  enough  to  determine ;  tliej 
all  belong  to  the  highest  division  of  the  Carboniferous;  among  them  are  Ann^ilark 
sphenophylloides  and  Pecopteris  longifoUa.  An  occasional  brachiopod  may  be  fbond 
with  them  in  the  sandstone.  In  the  Fusulina  limestone,  on  the  other  hand,  we  meet 
with  Phillipsia,  Conocardium,  &c.  Most  striking  is  a  highly  ornamented  gastiopodi 
probably  Naticopsis  nodosa,  Meek  and  Worthen,  or  the  variety  N,  Warthem^  Baxroii. 
Stache  many  years  ago  recognized  the  American  character  of  the  beds  in  certain 
localities  of  the  southern  Alps ;  that  he  should  take  them  for  Permian  was  intelligible 
at  a  time  when  the  limit  of  the  Permian  had  been  placed  too  low  even  in  the  Americas 
localities. 

'  A.  Struve,  Ueber  die  Schichtenfolge  in  den  Carbonablagerungen  des  flfldlicheii 
Theiles  des  Moskauer  Eohlenbeckens ;  M^m.  Acad.  Imp.  ScL  Saint-P^tetab.,  1886, 
XXXrV,  No.  6,  106  pp.,  map.  The  highly  important  distinction  between  the  bc^  with 
Spin/era  moBgttensis  (Fusulina  limestone)  and  those  with  Productw  giganteua  (upper 
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It  may  be  well  to  recall,  however,  before  considering  this  district,  that 
very  different  effects  may  be  produced  by  the  same  cause,  according  as 
it  acts  in  the  neighbourhood  of  the  shore  or  at  a  point  some  distance  from 
it.  In  the  proximity  of  the  land  the  clastic  sediments  may  attain  a  thick- 
ness so  great  as  to  bring  them  nearly  to  the  surface  of  the  sea,  but  further 
away  an  accumulation  on  a  scale  equally  grand  is  not  to  be  expected, 
but  only  a  thin  calcareous  deposit  Further,  a  positive  displacement,  so 
trifling  that  the  growth  of  the  clastic  sediments  is  able  to  keep  pace  with  it, 
may  give  rise  to  a  tract  of  marshy  land  always  advancing  both  inland  and 
seawards,  while  at  the  same  time  in  the  open  sea  the  9ame  displacement 
will  merely  bring  about  an  increase  in  depth. 

South  of  Moscow  we  againencounter  the  Fusulina  limestone,  but  without 
intercalated  coal  seams  or  plant-bearing  beds.  Beneath  it  lies  marine  lime- 
stone with  Productvs  giganteus,  the  highest  horizon  of  the  Carboniferous 
limestone.  Towards  the  base  this  marine  stage  includes  twp  beds  of  lime- 
stone containing  Stigmaria  and  occasionally  passing  into  sand  and  day  with 
thin  beds  of  coaL  Beneath  these  lie  the  workable  measures,  and  beneath 
the  measures,  marine  limestone  beds,  in  their  lowest  part  containing,  as  we 
have  already  seen,  a  few  fossils  of  the  Einderhook  group  of  Illinois. 

Thus  in  Russia  also  the  alternation  of  marine  beds  and  Coal-measures  is 
not  wanting.  The  alternation,  however,  is  less  frequently  repeated ;  it  does 
not  occur  except  in  the  lower  horizons,  far  below  the  Fusulina  limestone. 

From  these  observations  it  appears  that  this  kind  of  alternation  is  very 
characteristic  of  the  Coal-measures  of  the  Carboniferous  system.  We  see 
it  in  the  Calciferous  sandstone  of  Fife,  beneath  the  Carboniferous  lime- 
stone ;  then  in  the  Gannister  beds  overlying  the  Carboniferous  limestone 
and  extending  from  England  as  far  as  Moravia;  finally,  in  the  upper 
Carboniferous  horizon  of  the  Fusulina  limestone  in  the  United  States, 
probably  in  Spain,  and  certainly  in  Carinthia,  where  the  coal  beds  are 
represented  by  plant-bearing  sandstone. 

Far  away  from  the  regions  considered  here,  in  the  coal-fields  of  north 
China,  Richthof en  has  met  with  the  same  intercalations  of  marine  beds ; 
and  there  also  the  terrigenous  clay  of  the  coal-bearing  series  unconformably 
overlaps  the  Carboniferous  limestone,  and,  as  in  Iowa,  fills  the  cavities 
which  have  been  excavated  in  the  limestone  by  subaerial  denudation; 
in  south  China,  however,  marine  beds  of  the  upper  Carboniferous  rest 
directly  on  the  Coal-measures  *. 

Carboniferous  limestone)  is  also  to  be  found  in  Eoninck,  Bull.  Mus.  Belg.,  1888,  II, 
p.  371  et  seq.  In  the  lowest  beds  of  the  Carboniferous  limestone  of  Russia,  Struve 
identifies  several  species  as  occurring  in  the  American  Einderhook  group.  On  the 
Russian  plant  remains  see  Stur,  Verh.  k.  k.  geol.  Reichs.,  1878,  pp.  219-224. 

^  F.  von  Richthofen,  China,  II,  pp.  205,  717,  782  et  passim ;  p.  208,  figure  which 
shows  the  intrusion  of  Carboniferous  clay  into  the  cavities  of  the  underlying  limestone. 
Cf.  note  2  on  p.  238. 
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Although  many  thousands  of  men  work  day  and  night  io  (xtrOb-l 
measures,  and  although  many  acute  observers  are  led  by  their  profes 
make  the  study  of  these  deposits  the  business  of  their  life,  yet  Uk  nc^l 
of  formation  of  the  coal  beds  is  still  far  from  being  satisfactorily  explib^l 

In  England,  geologistn,  as  we  have  observed,  lay  great  stress  cc  dil 
underclay  with  its  Stigmaria,  which  they  regard  as  the  soil  of  a  n 
forest,  possibly  growing  out  towards  the  sea,  like  the  mangrove  swampdl 
the  present  day ;  they  take  the  Stigmaria  for  the  roots,  and  point  toikl 
upright  trunks  of  trees,  three  to  four  meters  or  more  in  height,  which  hnl 
and  there  may  be  seen  in  the  sandstone  standing  above  the  coal  Ibl 
coal  itself  must  consequently  have  been  formed  in  the  place  where  it  ii  I 
found,  and  lies  at  the  foot  of  the  trunks  and  over  the  tangle  of  roots,  tb  I 
the  litter  of  an  existing  forest. 


Fia.  '26.  FiMil  Forali  of  the  Carbonifrnmt  Prriorf.     At  Trbve,  near  Sftint-EUeluie,  kfUi 

Ornnd'Eury.     Vertical  height  about  13  meten. 

I.  Calamilea;  3.  Paaraniua;  j.  SigiVaria  ;  i-  Cardailei;  J.  Calanmltndron. 

But  the  upright  trunks  prove  that  the  sandstone  cannot  have  heeo  ) 
slowly  (lejiositeil.  Later  on  wc  shall  point  out  that  on  the  shores  of  the  I 
North  sea  peat  Ix^s  are  to  be  seen  lying  some  feet  below  the  level  of  mein 
tide  with  the  stumps  of  trees  rising  out  of  them ;  further,  that  sand  doaea 
advancing  inland,  press  down  the  peat  below  the  level  of  the  sea,  and  thit 
in  the  sand  of  the  dunes,  so  long  as  it  covers  the  peat,  the  trunks  of  the 
buried  forest  may  be  seen,  standing  Tipright  or  more  or  leas  inclined. 
Forests  thus  overwhelmed  by  the  action  of  the  wind  were  observed  in  the 
Bermudas  by  the  members  of  the  CiialUnger  expedition ;  the  trees  are 
buried  in  fine  calcareous  sand,  which  hardens  to  a  friable  nsck  and  encloses 
the  remains  of  the  trunks  still  standing  erect.  A  slow,  oscillation  of  the 
strand-line  would  never  bring  alx)ut  this  result,  the  tnmka  would  decay 
aud  disappear  ^  In  some  cases  the  phenomenon  has  been  explained  \y 
*  TbomBon  and  Hurra;,  Narrative,  I,  p.  141,  fig,  55 ;  p.  U2,  fig.  56.  It  hai  been 
supposed  that  the  trunkB  had  placed  themselveB  verticallj  wliilv  floating  and  had 
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supposing  that  as  the  sediment  grew  upwards,  the  stems  of  the  plants  gave 
off  new  roots  laterally,  but  even  in  this  case  the  whole  thickness  of  the 
sediment  in  question  must  have  been  deposited  within  the  lifetime  of  these 
stema  The  sketches  of  the  sections  to  be  seen  in  the  open  quarries  at 
Saint-£tienne  and  published  by  Qrand'Eury  show  clearly  how  the  vegetation 
follows  the  deposition,  and  how  fresh  individuals  again  and  again  appear 
in  the  new  beds.  It  is  true  Qrand'Eury  expressly  points  out  that  every 
considerable  growth  of  trees  or  roota  is  cut  off  above  by  a  '  dessolarde/ 
L  e.  as  though  shaved  off  by  a  plane,  above  which  the  next  bed  begins. 
Although  the  succession  of  the  forests  is  so  clearly  displayed  in  the  basin  of 
the  Loire,  yet  Grand'Eury  has  been  led  by  the  consideration  of  the  razed- 
off  surfaces,  and  particularly  by  a  thorough  study  of  the  process  of  vegetable 
decomposition,  to  return  to  the  view  that  the  coal  beds  have  not  grown  in 
place,  but  are  the  remains  of  decaying  plants  transported  by  water,  and 
deposited  in  stratified  beds  one  above  the  other  K 

Let  us  now  glance  once  more  at  Fig«  25,  p.  238>  which  represents  the 
intrusion  of  Carboniferous  sediments  into  a  hollow  of  the  Devonian  lime* 
stone.  There  is  first  a  deposit  of  clay  with  fish  teeth,  and  above  this  a  thin 
layer  of  coal ;  but  we  can  only  account  for  the  formation  of  the  coal  by  sup- 
pofiiiig  that  the  whole  cavity  was  once  filled  with  muddy  water  containing 
deeompoeing  vegetable  matter  in  suspension  which  afterwards  collected 
at  the  top  of  the  cavity. 

It  is  d^mitely  asserted  that  in  IllinoiB  the  coal  beds  do  not  rest  upon 
underclay,  but  directly  on  shale  or  limestone ;  in  these  cases  the  transport 
of  vegetable  matt^  from  some  other  locality  must  be  admitted,  and  we 
know  that  in  Nebraska  these  coal  beds  paas  into  beds  of  shale,  through 
which  only  isolated  fragments  of  vegetable  d^ris  are  strewn  ^. 

There  appears  to  be  no.  doubt  that  thick  beds  of  coal  may  sometimes 
split  up  into  a  number  of  smaller  seams,  which  become  separated  further 
and  further  from  one  another  by  the  thickexuB^  out  of  intercalated  wedges 
of  sterile  rock. 

In  England  several  examples  of  this  are  known.  Jukes  has  shown 
that  in  south  Staffordshire  the  mfidn  coal  bed,  twenty-five  feet  in  thickness, 
splits  towards  the  north  into  nine  seams,  in  such  a  manner  that  the  sum  of 
the  seams  and  the  intervening  beds  amounts  to  390  feet.     One  thin  shaly 


then  sunk  verticallj  into  the  sediments,  but  this  can  hardly  be  true  of  whole  forests ; 
H.  Fajol,  Sur  Torigine  des  troncs  d'arbres  fossiles  perpendiculaires  aux  strates  da 
terrain  houill^r,  Compt.  Rend.,  1881,  XCIII,  pp.  160-163. 

^  F.  G.  Grand'Eury,  Flore  carbonifere  da  d^partement  de  la  Loire  et  du  centre 
de  la  France,  4to,  Paris,  1877,  with  atlas,  pi.  xxxiv,  and  Memoire  sur  la  forma- 
tion de  la  houille,  Ann.  Mines,  1882,  8^  s^r.,  Memoires,  I,  pp.  99-292,  pL ;  Dessolarde, 
pi  iii,  fig.  6. 

«  A.  H.  Worthen,  Geologic  I  Survey  of  Illinois,  1886,  I,  p.  70. 
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parting  swells  out  within  a  distance  of  one  mile  into  a  wedge  of  rofi^ 
ductive  measures  128  feet  thick  \ 

The  great  bed  of  Commentiy  (Allier)  divides,  according  to  Fayd,  nki 
six  smaller  seams  which  diverge  farther  and  farther  apart '. 

In  the  United  States  this  question  has  given  rise  to  very  8eudD{ 
discussions.  Andrews  having  maintained  the  nniform  and  ocmtiinm 
extension  of  the  coal  beds,  it  was  shown  by  Newbeny  and  Stevenflon  tU, 
as  a  matter  of  fact,  certain  thick  beds,  owing  to  the  swelling  out  of  tk 
intervening  masses,  are  divided  towards  the  middle  of  the  original  Imi 
into  several  seams  sometimes  widely  separated  from  one  another.  Attte 
period  of  the  upper  Coal-measures,  i.  e.  during  the  formation  of  tiie  dikt 
beds  of  coal,  the  eastern  region  of  North  America  had  already  been  diTiU 
by  the  anticlinal  of  Cincinnati  (I,  p.  557)  into  two  basins  which  tmiii 
towards  the  south-west,  so  that  Ohio,  Pennsylvania,  and  west  Yiigiiui 
show  a  certain  independence  in  respect  to  Iowa,  Illinois^  and  the  westen 
regions,  notwithstanding  the  correspondence  in  character  otherwise  so 
marked  between  the  marine  intercalations.  It  is  towards  the  boUon 
of  these  two  basins  that  the  splitting  up  of  certain  of  the  marine  aeani 
appears  to  become  complete  ^. 

'  I  am  therefore  compelled  to  believe,'  writes  Stevenson,  '  that  all  the 
coals  of  the  upper  coal  group  are  offshoots  from  one  continnoos  manh 
which  existed  from  the  beginning  of  the  aera  to  its  doae,  and  which  in  ill 
full  extent  is  now  known  as  the  Pittsburg  coal  seam.  Daring  the  whok 
time  of  the  formation  of  the  upper  coal  group  the  general  condition  wti 
that  of  regular  subsidence  interrupted  by  longer  or  shorter  intervals  of 
repose.  During  the  time  of  subsidence  the  marsh  advanced  up  the  side 
of  the  trough,  as  new  land  was  continually  becoming  fitted  for  its  supporL 
During  repose,  deltas  were  formed  in  the  bay,  and  the  marsh  poshed 
outward  over  the  newly  formed  land/ 

In  this  way,  step  by  step,  we  separate  out  the  three  elements  which  take 
part  in  the  formation  of  the  coal-bearing  sediments:  these  are  (I)  the 
marine  beds — as  a  rule  limestones,  sometimes  shales;  the   limestones  of 

'  J.  Beete  Jukes,  The  South  Staffordshire  Goal-field,  2nd  ed.,  8vo,  London,  1859,  p.  87. 

'  A.  de  Lapparent,  Traits  de  g^ologie,  2^  ^d.,  8vo,  Paris,  1885,  p.  841. 

'  £.  B.  Andrews,  Some  Conclusions,  Theoretical  and  Practical,  Rep.  GeoL  Soxr. 
Ohio,  I,  8vo,  Columbus,  1873,  pp.  345-364 ;  and  by  the  same,  On  the  PanJlelism  of 
Goal  Seams,  Am.  Joum.  Sol.,  1874,  3rd  ser.,  Vlll,  pp.  56-59;  J.  S.  Newbeny,  On 
the  Parallelism  of  Goal  Seams,  op.  cit.,  1874,  3rd  ser.,  VII,  pp.  367-869 ;  J.  J.  SteTeuBon, 
The  Upper  Coal  Measures  west  of  the  Alleghany  Mountains,  Ann.  Lye  Nat.  Hiit 
N.  York,  1873,  X,  pp.  226-252 ;  and  Note  on  the  Goals  of  the  Kanawha  Valley,  West 
Virginia,  tom.  cit.,  pp.  271-277,  map;  by  the  same,  On  the  alleged  PtoiUeliam  of 
Goal  Beds,  Proc.  Am.  Phil.  Soc.  Philadelphia,  1874,  XIV,  pp.  283-295.  Long  ago  the 
same  question  was  also  eagerly  discussed  by  distinguished  American  geologists; 
Rogers  insisted  on  the  splitting  of  the  coal  seams,  Lesquereux  on  their  formation 
in  place,  a  theory  which  is  evidently  very  inconsistent  wit^i  the  splitting. 
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moderate  thickness  persistent  over  wide  areas,  the  result  of  slow  continuous 
formation;  (2)  the  beds  of  sandstones  or  shales — swelling  out  from  paper- 
thin  partings  into  great  wedge-like  masses,  sometimes  showing  signs  of 
a  rapid  deposition,  such  as  oblique  lamination  or  pockets  filled  with  sand ; 
(3)  the  coal  beds — some  of  them  thick  deposits  formed  off  the  shore,  split- 
ting up  towards  the  sea  through  the  thickening  out  of  the  unproductive 
measures  in  the  manner  just  described. 

A  correct  conception  of  the  facts  long  ago  led  Naumann  to  distinguish 
limnic  and  paralic  measures,  namely  those  which  indicate  marshy  surround- 
ings and  those  which  point  to  marine  conditions.  Naumann  even  at  that 
early  time  recognized  that  in  the  paralic  regions  numerous  coal  beds  occur, 
but  that  they  are  as  a  rule  of  trifling  thickness  \  In  like  manner  Qiimbel 
distinguishes  dutochthonous  measures^  i.  e.  those  which  have  been  formed  in 
place ;  and  aUochJthxmons  measures,  those  which  have  been  produced  by 
drifted  plant  remains  deposited  in  water  '. 

We  must  admit,  as  is  shown  by  the  observations  on  the  splitting  of 
coal  seams,  that  a  thick  limnic  bed  may  subdivide  into  a  number  of  paralic 
seams,  the  latter  being  certainly  allochthonous.  The  widely  extended  beds 
which  occur  in  frequent  alternation  with  marine  sediments  in  the  central 
part  of  the  United  Stat^  belong  to  the  paralic  allochthonous  formations. 
It  must  be  left  to  later  investigations  to  decide  whether  the  abundant 
rainfall  which  perhaps  characterized  this  period  may  not  have  brought 
about  the  accumulation  of  vegetable  detritus  in  shallow  ill-defined  lagoons, 
and  so  produced  the  limnic  beds  (the  view  advocated  by  Grand'Eury  and 
shared  by  Saporta  ^),  or  whether  these  beds  may  not  after  all  be  autoch- 
thonous, formed  from  plants  the  roots  of  which  still  remain  in  place. 

It  is  certain  that  during  the  Coal  period  the  moist  land  was  thickly 
overgrown  by  a  peculiar  vegetation.  The  sudd  of  the  Nile  and  the  floating 
mattresses  of  plants  of  the  Mexican  lakes  bear  witness  to  the  luxuriant 
development  which  may  be  attained  by  vegetation  in  a  warm  climate  and 
in  fresh  water.  When  Cameron  was  searching  in  1874  for  the  outlet 
of  lake  Tanganyika  in'  the  direction  of  the  Lukuga,  he  travelled  some  miles 
down  the  river  until  the  masses  of  floating  plants  made  further  progress 
impossible.  The  lake  rose,  and  in  1876  Stanley  received  from  all  sides 
accounts  of  the  occurrence.  Palms,  which  in  1871  stood  on  the  shore 
at  Ujiji,  were  now  standing  out  in  the  lake  100  feet  from  shore.  '  The 
whole  country  will  be  inundated  and  nothing  will  be  left  except  the  tops 
of  the  great  mountains,'  said  one  of  the  native  chiefs.  Stanley  embarked 
on  the  Lualaba,  and  describes  the  gradual  hemming  in  of  the  river  by  the 

*  C.  F.  Naumann,  Lehrbuch  der  Geognosie,  2.  Aufl.,  Leipzig,  1862,  II,  p.  584. 

*  G.  W.  von  Gambel,  Beitr&gezur  EenntnissderTexturverh&ltniBsederMineralkohlen; 
Sitz.  k.  bajr.  Akad.  Mtinchen,  1883,  pp.  111-216,  pi. 

»  G.  de  Saporta,  Bull.  Soc.  g^oL  de  iV.,  1887,  3»  s^r.,  V,  p.  883. 
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floating  masses  of  plants,  which  approached  £ram  ri^^ht  and  left^  imtQ  Aq 
finally  closed  up  round  tranquil  standing  water.     The  depth  of  the  watoft 
the  wall-like  barrier,  which  was  covered  with  high  reeds,  was  Bereali 
eleven  feet.    Pressing  forward  about  twenty  yards  into  ihe  reeds  he  {<nl 
impassable  mud,  black  as  pitch,  and  seething  with  animal  life.    He  lontii 
the  bursting  of  the  dam.    'The  accumulated  waters  of  over  a  kimM 
rivers  will  sweep  through  the  ancient  gap  with  the  force  of  a  catadja, 
bearing  away  on  the  flood  all  the  deposits  of  organic  d^iis  at  praed 
in  the  Lukuga  creek.'    This  rupture  occurred  no  later  ihan  1878.    SbaSj 
after,  the  missionary  Hore  descended  the  current  of  the  Lukuga^  now  Mk 
free,  which  was  then  extremely  rapid.   When  Lenz  visited  Tanganyikik 
1886  the  lake  had  fallen  fifteen  feet    Relict  strand-lines  were  seen  betma 
Ujiji  and  the  lake,  and  in  many  other  places  K 

On  the  leeward  side  of  the  lesser  Antilles,  Agaiwig  met  with  let^ 
pieces  of  sugar-cajie,  and  fragments  of  decomposing  plants,  ten  to  fiftea 
miles  from  the  land,  and  at  a  depth  of  more  than  1,000  fathoms  ;  and  nw 
some  of  the  Polynesian  islands  the  Challenger  sometimes  dredged  a  leaf  or 
a  branch  from  more  than  1,400  fathoms.  Notwithstanding  these  instanea. 
the  wide  dispersal  of  decomposed  plant  remains  in  sufficient  quantity  to 
form  seams  of  coal  still  remains  a  marvellous  phenomenon. 

As  regards  the  questions  under  consideration,  it  is  dear  from  what  biB 
been  said  that  we  are  scarcely  justified  in  assuming  that  evexy  marine 
intercalation  which  occurs  between  paralic  measures  represents  an  oecilli- 
tion  of  the  strand.  The  splitting  of  the  limnic  coal  definitely  exchides 
such  a  supposition.  Only  where  beds  certainly  autochthonous  altemafe 
with  marine  beds,  or  where  littoral  inundation  manifests  itself  over  a  wide 
area,  can  oscillation  be  regarded  as  proved. 

When  the  paralic  coal  seams  alternate  frequently  with  marine  bedfl^ 
as  for  instance  in  Illinois,  and  split  up  still  further  till  they  pass  into 
unworkable  beds  of  vegetable  detritus,  then  they  approach  more  and  more 
closely  to  the  character  of  those  shaly  partings  which,  repeated  often 
hundreds  of  times,  divide  our  limestones  into  definite  beds.  Since  these 
paralic  formations  are  known,  both  beneath  the  great  mass  of  the  stratified 
Carboniferous  limestone  as  well  as  above  it,  the  question  arises  whether 
the  clayey  partings  between  the  bedding  planes  which  determine  the 
stratification  of  the  Carboniferous  limestone  itself  may  not  have  a  similar 
origin. 

The  processes  which  we  have  been  tracing  in  their  effects  took  place 
very  quietly,  and  were  prolonged  over  periods  of  extraordinary  duration. 
Still  it  is  incontestable  that  in  the  middle  of  the  Coal-measure  period 
a  number  of  great  folded  ranges  were  both  elevated  and  worn  down  by 

'  H.  M.  Stanley,  Through  the  Dark  Continent,  London,   1878;    0.  Leni,    Brie( 
Mitth.  k.  k.  Geogr.  Ges.,  1887,  XXX,  p.  98. 
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denudation,  and  the  younger  measures  passed  in  transgression  over  the 
abraded  surfaces  of  the  folds  into  which  the  earlier  measures  had  been 
thrown.  This  is  the  case  not  only  in  Europe,  but  in  all  likelihood  in  Nova 
Scotia  also  K  In  China,  the  folds  of  the  Tsin-ling-shan  involve  the  Car- 
boniferous limestone,  but  on  their  denuded  surface  Bichthofen  encountered, 
at  a  great  height,  transgressive  Coal-measures. 

5.  The  Permian  system.  It  is  difficult  to  form  any  conception  of  the 
protracted  period  which  would  be  necessary  to  accomplish  the  foldings  and 
the  erosions  of  the  Carboniferous  period.  The  magnitude  of  the  erosion 
appears  to  its  full  extent  when  we  take  into  account  the  Permian  forma- 
tion, during  the  deposition  of  which  the  sea  again  returned  over  regions  it 
had  previously  abandoned. 

Let  us  first  consider  Bohemia. 

In  the  region  of  lower  Silesia  and  Bohemia,  according  to  Schiitze's 
investigations,  the  complete  series  of  the  Coal-measures  is  represented, 
from  the  Culm  to  the  Bothliegende.  Five  successive  floras  may  be 
distinguished,  united  it  is  true  by  only  a  few  species  in  common.  The 
•Waldenburg  group  at  the  base,  approximately  on  the  horizon  of  the 
marine  intercalations  of  upper  Silesia,  contains  fishes,  Estheria,  and  possibly 
Modiola.  But  we  can  hardly  regard  this  as  representing  the  Qannister 
beds,  elsewhere  of  such  wide  distribution.  A  good  deal  of  conglomerate  is 
intercalated  with  the  beds  '. 

In  central  Bohemia,  and  thence  beyond  Pilsen  and  Merschan,  the 
Carboniferous  lies  horizontal  and  unconformable  on  the  edges  of  the 
Silurian  system.  The  latter,  together  with  the  associated  subdivisions  of 
the  Devonian,  was  already  faulted  down,  and  doubtless  completely  sepa- 
rated from  the  other  Silurian  and  Devonian  ranges,  at  the  time  when  the 
Coal-measures  were  formed  over  its  surface.  Here,  as  we  have  seen,  some 
basal  beds  of  the  Coal-measures  occur,  which  sometimes  adapt  themselves 
completely  to  the  slight  inequalities  of  the  older  rocks  lying  beneath  them  ; 
these  are  followed  by  a  great  thickness  of  unproductive  clastic  rock,  and 
above  this  come  the  uppermost  measures,  perhaps  of  lower  Permian  age, 
and  the  sandstone  of  the  Bothliegende. 

The  Carboniferous  mantle  of  central  Bohemia  dips  to  the  north-west 
under  the  Bothliegende,  and  its  termination  is  not  visible.  To  the  south- 
east, however,  it  is  broken  up  by  erosion  into  larger  or  smaller  outliers, 
and  over  considerable  areas  has  been  entirely  destroyed. 

This  limnic  transgression  of  the   Carboniferous,  however,  extended 

• 

^  J.  W.  Dawson,  On  the  Upper  Coal-Formation  of  Eastern  Nova  Scotia  and  Prince 

Edward  Island  in  its  relation  to  the  Permian;  Quart.  Joum.  GeoL  Soc,  1874,  XXX, 

pp.  209-219. 

*  A.  Schtitze,  Geognostische  Darstellung  des  nieder8chle8.-bOhmi8chen  Steinkohlen- 

beckens ;  Abh.  z.  Specialkarte  v.  Preuss.,  1882,  III,  p.  19. 
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further  and  further  over  Bohemia,  first  filling  ap  the  hollowB  tod  da 
gradually  levelling  down  the  land  itself.    Hence  we  see  isolated  patd»«{ 
the  uppermost  Coal-measures  preserved  in  the  mai^ginal  fractares  towul 
Moravia  and  Bavaria,  while  they  have  been  entirely  swept  away  from  h 
higher  parts  of  the  Bohemian  mass.    The  transgression  oontinued  diizii| 
the  formation  of  the  last  beds  of  coal  and  into  the  Boihiiegende.    Hstt 
a  little  isolated  patch  of  Permian  coal-measures  still  lies  near  Budwdiii 
the  midst  of  the  Archaean  region,  and  the  remains  of  the  denuded  coveriD| 
of  Rothliegonde  crop  out  along  the  marginal  fractures  to  the  sonth-werts 
far  as  R^ensburg,  and  to  the  south-east  as  far  as  Zobing,  near  Er^na 

The  sea,  however,  did  not  follow  these  transgressions.     They  reoJl  n 
a  striking  manner  the  ridging  upwards  of  the  borders  of  the  Pittsbai| 
marsh  during  the  positive  phase  of  the  sea  as  conceived  by  Stevenson.  To 
me  also  it  is  difficult  to  imagine  the  progress  of  these  lininic  tranflgreflsiaDi 
without  a  simultaneous  rise  of  the  strand.    They  are  evexywheie  iqn- 
sented  in  central  Europe,  first  by  the  upper  Coal-measures  of  the  Carfaon- 
ferous  (Badowenz  or  upper  Ottweil  group),  then  by  the  Permian  measonik 
and  finally  by  the  widely  distributed  Rothliegende  sandstone  and  At 
accompanying  conglomerates.     This  sandstone  also  extends  far  over  thi 
Russian  plain,  here   and    there    accompanied   by  gypenm   or   rock-silt 
Finally  the  positive  infiuence  became  so  preponderant  that  the  sea  n- 
appeared  over  a  considerable  part  of  central  Europe.    This  was  the  period 
of  the  Zechstein  with  its  impoverished  marine  fauna.     From  Rnasia  thii 
formation  extends  across  the  whole  of  north  Germany;    dolomitie  pro- 
longations, the  edge  of  the  lens  as  it  were,  reach  England.     Eveiywhen 
it  follows  the  Rothliegende,  nowhere  does  it  pass  beyond,  reaching  il 
most  the  extreme  outer  border  of  that  series ;  thus  it  is  well  known  in 
Silesia,  but  not  on  the  Bohemian  mass. 

The  Zechstein  marks  a  recurrence  peculiar  to  central  Europe  and  to 
a  part  of  northern  Europe.  It  does  not  penetrate  into  the  Alps.  On  the 
other  hand,  it  appears  far  away,  in  Kansas,  represented  by  beds  overiying 
the  Fusulina  limestone  and  containing  a  fauna  comparable  with  that  of 
the  European  Zechstein. 

We  have  now  reached  one  of  the  most  remarkable  phases  of  the  earth's 
history ;  and,  putting  detail  entirely  aside,  we  will  carry  our  survey  beyond 
the  confines  of  Europe  and  the  United  States,  and  endeavour  to  obtain 
a  general  view  of  the  whole  course  of  eventa 

Let  us  once  more  return  to  the  base  of  the  Carboniferous  Gfystem,  or 
the  Calciferous  limestone  of  Scotland,  the  equivalents  of  which  we  have 
already  recognized  on  the  other  side  of  the  Atlantic  Ocean.  The  stratified 
series  of  Fife,  with  its  still-rooted  Stigmaria  standing  between  the  marine 
intercalations,  afibrds  clearer  proof  than  any  observations  hitherto  made 
of  repeated  oscillations  with  a  positive  excess,  a  phenomenon  not  to  be 
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^confounded  with  the  alternation  of  paralic  beds.  In  Illinois  and  the 
*^  south-east  of  Russia  the  contemporaneous  formations  were  purely  marine. 
'^  Perhaps  the  whole  series  of  sandstone  and  coal  beds  which  extends  from 
^  Banks  land  over  the  north  coast  of  Melville  sound  to  Baffin  bay  must 
^^  also  be  referred  to  the  same  origin. 

^  •      The  positive  movement  now  conducts  us  to  the  most  important  pelagic 
't  member  of  the  period,  the  Carboniferous  limestone,  which  reveals,  not  only 
^  by  its  calcareous  composition  and  its  rich  marine  fauna,  but  above  all  by 
kt  its  mighty  transgression,  the  far-reaching  changes  in  the  geography  of  the 
t  coast.    It  rests  normally  on  the  older  Palaeozoic  series  from  the  far  North 
^  to  Brazil  and  Australia,  but  at  the  same  time  exceeds  their  limits.     In 
)   Ireland,  England,  Scotland,  and  Spitzbergen  it  lies  as  a  purely  marine 
»   limestone  on  the  Old  Red  sandstone,  the  only  characteristic  fossils  of  which 
I   are  Ganoids  and  terrestrial  plants;  it  extends  at  the  same  time  through 
I    the  Parry  islands  into   the  highest  known  latitudes.     In  central  and 
\    southern  Greenland  it  has  not  been  observed.     It  proceeds  through  a 
r    large  part  of  the  great  ranges  of  Asia,  and  in  east  China  it  rests  on  the 
Devonian  and  Silurian  of  the  Tsin-ling-shan,  overlaps  them  north  of  the 
Wei-Ho,   and    stretches    along    the   sea    from   the  north  of    Shensi  to 
Shan-tung  and  Liao-tung,  resting  everywhere  within  this  ancient  table- 
land in  apparent  concordance  upon  the  Cambrian  beds.     In  like  manner 
in  the  east  part  of  the  United  States  it  rests  on  Devonian,  extending  to 
the  west  and  south-west.    In  Dakota  and  the  Rocky  mountains  of  Colorado 
it  follows  in  deceptive  conformity  upon  Cambrian  beds  as  in  north  China; 
at  the  bottom  of  the  Grand  CaiLon  a  great  plane  of  erosion  separates  it 
from  the  Cambrian  or  still  older  beds,  but  in  the  table-land  of  Texas, 
Cambrian  rock  reappears,  immediately  overlain,  and  again  in  apparent 
concordance,  by  the  Carboniferous  limestone.    In  California,  so  far  as  we 
know  at  present,  the  Carboniferous  limestone  is  the  sole  representative  of 
the  entire  Palaeozoic  series. 

This  great  transgression  is  succeeded,  so  far  as  we  can  judge  from  the  facts, 
by  a  very  marked  and  extensive  negative  phase.  The  flora  of  the  lowest 
horizons  of  the  resulting  Coal-measures,  i.e.  the  Culm  flora,  is  known  in 
the  Arctic  regions,  in  Europe,  at  many  places  in  Siberia,  and  as  far  as 
Australia,  where  it  is  represented  by  several  characteristic  species.  Thick 
masses  of  clastic  sediments  overlie  the  Carboniferous  limestone  in  the 
United  States,  in  the  east  of  Canada,  in  central  Europe,  and  in  China ;  in 
central  Europe  the  marine  Gannister  beds  are  intercalated  with  the  lower 
Coal-measures,  and  after  a  remarkable  sinking  of  the  strand  the  signs  of 
renewed  ascent  are  revealed  in  the  thickness  of  the  sediments  and  the 
continuance  of  the  limnic  transgression. 

This  ascent  finally  led  to  a  renewed  appearance  of  the  sea^  It  is  the 
upper  Carboniferous  sea  of  the  Fusulina  limestone.     The  plant  remains 
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determined  by  Stur— which  lie  in  the  shales  between  the  beds  d  it 
Fusulina  limestone  on  the  Eronalp  in  Carinthia — leave  no  room  for  doik 
as  to  the  contemporaneity  of  this  marine  limestone  with  the  higher  Bab- 
wenz  or  upper  Ottweiler  Coal-measures,  that  is  with  the  uppennoik 
flora  of  the  coal  basin  of  lower  Silesia  and  Bohemia.  This  new  naai 
deposit,  however,  does  not  extend  nearly  so  far  to  the  north  as  the  Cb^ 
boniferous  limestone.  In  Illinois  it  alternates  with  the  Goal-metBoni, 
thins  off  towards  Ohio  and  north  Virginia,  and  does  not  reach  PemMjl- 
vania  or  Canada.  In  Europe  it  is  found  in  north  Spain;  Meonier 
encountered  it  on  the  Morvan ;  in  the  southern  Alps  it  altemaftsB  litk 
plant-bearing  beds;  then  it  reappears  in  the  south  of  Russia;  Nemnijr 
has  recognized  it  in  the  north-west  of  Asia  Minor ;  Teller  in  the  island  d 
Chios.  Everywhere  the  sea  appears  to  have  come  from  the  soutL  Sm- 
larly,  all  the  specimens  of  Fusulina  limestone  so  far  described  by  Sdiwags 
from  Richthofen's  collections,  and  the  rich  upper  Carboniferous  twajAd 
Loping  in  the  province  of  Eiang-si,  lat.  27*  52'  N.,  studied  by  Eayw, 
belong  to  districts  which  lie  south  of  the  Tsin-ling-shan. 

Now  came  the  extension  of  the  Bothliegende  over  Russia  and  oeninl 
Europe,  and  even  into  some  parts  of  the  southern  Alps ;  then,  the  positive 
movement  still  continuing,  the  Zechstein  followed,  extendingr  from  Bnoii 
through  north  Germany  into  England.    It  was  a  shallow  sea ;  salt  ud 
gypsum  crystallized  out  from  it.    During  the  period  of  this  transgienon, 
which  came  from  the  north,  and  perhaps  also  during  the  Bothli^;ende,  t 
new  fauna  was  introduced  from  the  south,  which  has  not  yet  recttTed 
a  particular  name.     It  includes  Carboniferous  and  Permian  species  and 
some  new  types,  and  is  known  to  extend  from  the  Salt  range  of  India 
through  the  great  ranges  of  Asia,  Afghanistan,  Djoulfa,  in  the  valley  of 
the  Araxes,  and  past  Artinsk  in  the  Ural  to  Sicily.    Its  most  northerly 
representative  is  perhaps  the  fauna  of  the  Bellerophon  beds  in  the  south- 
eastern   Alps;    these   beds,   however,  like  the  Zechstein,  rest   upon  the 
Bothliegende  ^ 

While  submergence  and  emergence  thus  alternate  over  regions  of  such 
vast  extent,  the  outlines  of  a  great  continent  become  disclosed  to  us^  and 
from  the  closing  days  of  the  Carboniferous  this  remains  for  a  long  period 
one  of  the  most  prominent  features  of  the  face  of  the  earth.  On  a  previous 
page  (I,  p.  387)  it  has  been  described  as  the  fractiued  Indian  oontinenti 
or  Gondwdna  land.  At  the  present  day  it  is  broken  up  by  the  Indian 
Ocean,  and  comprises  the  peninsula  of  India,  Australia,  and  a  large  part 
of  Africa. 

^  E.  von  MojsisovicB,  Ueber  das  Vorkommen  einer  muthmasslich  vortriadischen 
Cephalopoden-Fauna  in  Sicilien,  Verb.  k.  k.  geol.  Rfiichs.,  1882,  p.  81 ;  G.  Stacbe, 
Zur  Fauna  der  Bellorophonkalke  Sttdtirols,  Jahrb.  k.  k.  geol.  Beichi.,  1877,  XXVII, 
pp.  271-318 ;  and  1878,  XXVIII,  pp.  93-168,  pi. 
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The  investigations  of  recent  years,  and  the  discoveries  made  by  Warth 
in  the  Salt  range,  have  helped  to  complete  our  knowledge  of  this  continent. 
In  the  Salt  range  erratic  blocks  transported  by  ice  occur  at  a  horizon 
which,  according  to  Waagen,  must  be  correlated  with  the  highest  sub- 
divisions of  the  Carboniferous  system  \  They  are  the  same  accumulations 
which  constitute  the  Talchir  conglomerate,  or  the  lowest  stage  of  the 
plant-bearing  Gondw&na  series,  in  which  Blanford,  Oldham,  and  Fedden 
have  recognized  the  influence  of  ice  (I,  p.  404);  they  also  form,  as  the 
Dwyka  or  'Ecca,  conglomerate,  the  foundations  of  the  E!aroo  formation  in 
Africa,  and  were  long  ago  declared  by  Sutherland  to  be  of  glacial  origin 
(I,  p.  389). 

The  same  glacial  beds  also  make  their  appearance  in  east  Australia,  as 
the  Bacchus  marsh  or  Stony  creek  beds.  There  they  alternate  with  marine 
beds  which  are  referred  to  the  Carboniferous. 

They  are  immediately  succeeded  in  India,  Africa,  and  Australia  by  the 
long  series  of  plant-bearing  beds  which  ascend  high  into  the  Mesozoic 
group.  For  a  long  time  the  whole  region  remained  above  the  sea.  Then, 
during  the  Mesozoic  aera,  it  gave  way,  breaking  up  piece  by  piece,  the 
process  probably  continuing  down  to  a  comparatively  late  period,  and 
large  parts  of  it  have  not  even  yet  been  reached  by  the  sea. 

According  to  Waagen  the  glacial  region  extended  from  lat  40''  S.  to 
lat.  35""  N.  and  from  long.  IS"*  E.  to  long.  135''  E.  Some  typical  plants  of 
the  Culm  flora  are  known  in  Australia,  but  the  upper  floras  of  the  Carboni- 
ferous of  Europe  and  North  America  have  not  been  discovered  on  this 
continent.  Over  the  whole  of  Qondw&na  land  an  independent  series  of 
floras  makes  its  appearance  under  the  influence  of  a  severe  climate. 

In  Europe  erratic  blocks  of  wholly  enigmatical  origin  have  been  met 
with  in  the  lower  horizons  of  the  Coal-measures,  e.  g.  in  proximity  to 
a  marine  intercalation  near  Ostrau.  According  to  Ramsay  and  Geikie 
signs  of  glacial  action  are  to  be  met  with  in  the  Bothliegende  of  England. 

Opinions  as  to  what  are  the  precise  equivalents  in  Europe  of  the  glacial 
conglomerates  of  India  are  not  yet  in  absolute  agreement.  According  to 
Waagen,  as  already  mentioned,  they  should  be  placed  on  the  horizon  of  the 
highest  divisions  of  the  Carboniferous ;  in  Australia,  glacial  conditions  would 
seem  to  recur  in  the  Permian  period. 

The  Carboniferous  limestone  of  the  far  north  contains  a  number  of 
species  also  found  in  the  Zechstein ;  its  relations  to  the  Zechstein  do  not 
appear  to  me  to  be  as  yet  completely  explained. 

6.  Survey  of  the  Palaeozoic  seas.  The  question  whether  the  changes  in 
the  distribution  of  the  seas  can  be  explained  by  a  secular  rise  and  fall  of 
the  continents  may  receive  some  illumination  from  the  history  of  the 
Palaeozoic  seas. 

^  W.  Waagen,  Die  carbone  Eiszeit,  torn,  cit.,  1887,  pp.  148-192. 
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We  have  recognized  the  existence  of  two  continents,  of  which  fngne^ 
only  are  visible  at  the  present  day.  The  first  occupied  the  positioD  of  tk 
north  Atlantic  Ocean,  as  is  indicated  by  the  nature  and  distribntkn  dl 
the  Palaeozoic  sediments  in  Europe  and  America ;  Greenland  is  a  renoiB 
of  it.    This  ancient  continent  is  the  AtlarUis. 

The  second  continent,  first  clearly  discernible  towards  the  close  o(  ik 
Carboniferous  period,  is  now  represented  by  three  fra^^ents^  Africa,  Lifii 
and  Australia.  As  Greenland  on  the  one  hand,  so  the  Indian  pemnsnliOD 
the  other  projects  into  the  Ocean  which  covers  the  subsided  table-ludi 
This  continent  is  Gondwdna  land. 

The  destruction  of  the  two  continents  was  accomplished  later,  pieee  If 
piece,  and  we  can  follow  the  process  through  many  stages.  It  must  hm 
produced  many  negative  movements  and  thereby  have  led  to  the  abaaioB- 
ment  of  other  regions  by  the  sea.  Further,  our  stratigraphical  inqiuni 
have  so  far  advanced  that  it  has  become  possible  to  recognize  a  numliercf 
positive  and  negative  displacements  which  affected  very  extensive  anas  h 
a  uniform  manner. 

At  the  close  of  the  Silurian  period  the  sea  became  shallower  over  a  wide 
region,  from  Illinois  and  Iowa  to  Wisconsin  and  New  York,  in  England,  th 
Baltic  provinces,  and  as  far  as  the  Dniestr.    Then  the  Old  Red  sandaioDe 
advanced  over  a  great  part  of  the  Atlantis.    Evidence  of  its  encroachmoit 
may  be  observed  in  Scotland,  England,  the  gulf  of  Finland,  and  as  far  u 
the  gulf  of  Onega  and  Spitzbergen,  perhaps  as  far  as  the  south  of  Qrem- 
land;  and  its  equivalents,  retaining  the  same  characters,  appear  in  New 
Brunswick.   Towards  the  middle  of  the  Devonian,  the  marine  transgresskn 
extended  over  these  continental  or  at  most  sublittoral  deposits,  and  attained 
its  maximum.    The  limestone  and  dolomite  deposits  of  the  middle  Devonian 
extend  over  Orel  and  Voronezh  to  Livonia  and  Courland,  and  at  the  same 
time  the  transgressive  middle  Devonian  appears  to  form  the  western  glint 
of  the  Canadian  shield  from  the  Clear- water  to  the  Arctic  Ocean.     In  the 
oil-bearing  beds  on  the  shores  of  the  Uchta,  in  the  region  of  the  Petchora, 
we  recognize  the  oil-bearing  shales  of  the  banks  of  the  Athabasca,  which 
may  be  traced  in  North  America  from  the  valley  of  that  river  as  far  as  the 
Gasp^.    Then  the  shore  again  receded  for  a  great  distance,  and  the  Carboni- 
ferous period  began. 

From  the  limnic  or  littoral  formations,  which  in  some  localities  seem  to 
show  signs  of  frequent  secondary  oscillations  with  a  positive  preponderance, 
we  pass  to  the  Carboniferous  limestone.  Simultaneously  with  the  appear- 
ance of  pelagic  characters,  the  transgression  is  found  to  advance  beyond  the 
limits  of  earlier  deposits ;  it  occurs  in  regions  the  most  remote  from  each 
other,  as  in  China  and  Texas. 

Once  more  the  strand  receded  over  a  wide  area,  and  then  again  advanced, 
evidently  from  the  south,  but  it  did  not  proceed  nearly  so  far  as  during  the 
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Carboniferous  limestone  period.  This  is  the  sea  of  the  upper  Carboniferous 
or  Fusulina  limestone. 

Yet  another  marine  fauna  made  its  way  from  Asia  across  the  Araxes, 
past  Artinsk,  to  Sicily ;  whether  or  not  it  is  represented  in  the  south-eastern 
Alps  is  somewhat  uncertain.  It  did  not  attain  to  the  extension  of  the 
preceding  stage.  It  is  not  known  in  the  United  States.  Simultaneously 
with  this  fauna,  the  sea  came  down  from  the  north  and  spread  out  the 
Zechstein  over  northern  and  central  Europe. 

Much  no  doubt  still  remains  obscure.  The  Palaeozoic  deposits  of  the 
Sahara,  Brazil,  and  other  very  extensive  regions,  can  hardly  be  taken  into 
account  in  comparisons  of  this  kind,  and  in  the  present  state  of  our  know- 
ledge it  is  not  possible  to  oppose  in  the  Palaeozoic  aera  a  compensatory 
negative  region  against  a  given  positive  region.  Nevertheless  we  can 
already  recognize  three  faunas  which  are  foreign  to  the  north  of  Europe, 
namely,  the  Hercynian  stage,  the  Fusulina  limestone,  and  the  stage  of 
Djoulfa.  On  the  other  hand  the  typical  Zechstein  is  not  known  in  the 
southern  regions. 

Positive  and  negative  movements  alternate  simultaneously  over  regions 
of  such  vast  extent,  that  they  cannot  be  explained  by  a  bulging  or  a  sagging 
of  the  lithosphere  on  however  great  a  scale.  During  the  Carboniferous  and 
at  other  periods  also,  considerable  foldings  of  the  lithosphere  occurred,  but 
they  have  nothing  in  common  with  this  phenomenon  of  general  inundation 
and  emergence.  The  Armorican  and  Yariscan  folds  arose  in  complete 
independence  of  the  transgressions,  by  the  progress  of  which  these  folds 
themselves  were  planed  down  and  covered  up. 


256 


CHAPTER   VI 
MESOZOIC  SEAS 

The  teas  of  the  Trias.  Positive  movements  in  the  Bhaetie  epoch.  ContiniiitiMrf 
positive  movements  during  the  Jurassic  period.  Negative  phase  in  central  Eorope  %d 
commencement  of  the  Cretaceous  period.  Later  transgressions  and  intermixture  of  tin 
Cretaceous  faunas.  The  Cenomanian  transgression.  (General  mnrrey  of  the  Mmm 
seas. 

1.  Seas  of  the  Trias.  In  the  east  of  the  United  States  the  mans 
Mesozoic  series  is  absent  until  we  reach  the  middle  Cretaoeoos.  Tlie 
Rhaetic  and  Lias  lignites  of  the  Appalachians  clearly  sho^^  that  during 
their  formation  this  region  was  not  covered  by  the  sea.  Towards  the  wdL, 
however,  firsts  marine  upper  Jurassic  is  met  with  in  the  Black  momitiin 
of  Dakota,  then  the  marine  Trias  makes  its  appearance  in  the  western  psit 
of  the  Basin  ranges,  and  last  the  Neocomian  in  Califomia. 

In  Brazil  likewise,  marine  sediments  are  completely  absent  from  the 
beginning  of  the  Mesozoic  aera  up  to  the  middle  of  the  Cretaoeous.  Era 
far  to  the  west,  in  Jujuy  and  Salta,  the  northern  provinces  of  the  Argwntini 
republic,  we  still  meet  with  Rhaetic  plant-bearing  beds.  Still  farther  to 
the  west,  however,  in  the  Andes  of  Chili  and  Peru,  we  enootmter  varioa 
marine  members  of  the  Trias,  the  Jurassic  and  the  lower  Cretaceous. 

In  eastern  Australia  there  is  a  similar  absence  of  marine  sediments 
from  the  beginning  of  the  Trias  upwards,  but  the  gap  extends  in  this  cue 
only  as  far  as  the  lower  Cretaceous;  the  whole  of  this  interval  is  repre* 
sented  by  a  few  plant-bearing  sediments  only,  such  as  the  Jerusalem  beds 
in  Tasmania  and  the  Clarence  river  beds  in  New  South  Wales  and  Que^is- 
land.  In  New  Zealand,  on  the  other  hand,  the  marine  Trias  is  present  as 
well  as  marine  members  of  the  Jurassic  Here  the  series  does  not  appear 
to  be  quite  complete,  and  some  plant-bearing  sediments  again  alternate 
with  marine  beds. 

In  the  north-east  of  China  the  marine  series  terminates  in  general  with 
the  Carboniferous ;  not  even  the  marine  deposits  of  the  middle  Cretaceous, 
elsewhere  so  widely  distributed,  have  hitherto  been  encountered  there. 
But  the  marine  Trias,  together  with  some  members  of  the  marine  Jurassic, 
is  known  in  the  mountain-chains  of  Japan.  In  Yezo  and  Saghalin  cmly 
the  middle  Cretaceous  has  so  far  been  observed. 

In  the  arc  of  the  Aleutian  islands,  Trias,  Jurassic,  and  Cretaceous  are 
represented  by  marine  deposits. 
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We  may  thus  fairly  conclude  that  in  proportion  as  we  approach  the 
Pacific  Ocean  that  important  part  of  the  Mesozoic  series  which  is  older 
than  the  middle  Cretaceous  becomes  more  complete. 

The  Atlantic  border  differs  completely.  With  the  Exception  of  the  two 
regions  constructed  on  the  Pacific  type,  the  Antilles  and  the  straits  of 
Gibraltar,  perhaps  also  the  outrunners  of  the  chains  as  far  as  the  Wadi 
Draa  and  some  parts  of  Europe,  marine  Mesozoic  sediments  older  than  the 
middle  Cretaceous  do  not  appear  at  all  on  the  Atlantic  coasts.  This  is  the 
case  from  cape  Horn  to  beyond  the  mouth  of  the  Orinoco,  from  Florida 
l^'io  the  Arctic  Ocean  and  cape  Farewell,  and  from  the  Wadi  Draa  to  the 
^eape  of  Qood  Hope. 

The  Indian  Ocefin  presents  both  types.  On  the  shores  of  Arakan, 
where  the  Pacific  structure  is  the  rule,  the  marine  Trias  is  known  to  exist, 
but  it  is  not  found  anywhere  else  along  the  coast  of  this  Ocean.  Thus 
here  also  a  great  gap  occurs  in  the  lower  half  of  the  Mesozoic  series,  but 
it  does  not  extend  as  far  as  the  middle  Cretaceous,  and  indeed  no  further 
than  the  middle  Jurassic. 

From  this  it  follows  that  the  existing  Oceana  are  of  different  age. 

The  distribution  of  Peeu0do7ru>noti8  Ochotica,  one  of  the  most  charac- 
teristic species  of  the  Trias,  is  of  particular  interest;  discovered,  as  we 
have  already  mentioned,  by  Middendorf  in  Mamgi  bay  (sea  of  Okhotsk),  it 
is  recorded  in  Teller's  tables  as  having  been  found  subsequently  at  a  great 
number  of  other  localities ;  at  several  places  in  Japan,  particularly  in  the 
bay  of  Sendai;  on  the  island  of  Hugon;  in  New  Caledonia;  at  several 
places  in  the  Alps  of  New  Zealand;  as  a  closely  allied  variety,  on  the 
rio  Utcubamba,  between  Chachapoyas  and  Cuelap,  Peru;  in  Plumas 
county,  California,  Humboldt  mountain,  Nevada,  and  at  several  other 
places  in  these  chains;  near  fort  Rupert,  Vancouver;  in  Moresby  island, 
Queen  Charlotte  group ;  on  the  Peace  river,  on  the  east  slope  of  the  Rocky 
mountains  (lat  50""  to  67^  N.);  at. cape  Nunakalkhak,  at  the  entrance  to 
the  bay  of  Povaluk,  Alaska ;  finally  near  Verkhojansk  on  the  Jama  in  east 
Siberia  (lat.  63"  N.)^ 

Thus  the  marine  Trias  engirdles  the  Pacific  Ocean;  it  is  continued 
across  Siberia  from  the  mouth  of  the  Olenek  to  Spitzbergen,  but  it  does 
not  reach  the  Atlantic  region  by  this  route. 

Mention  has  been  made  (I,  p.  681)  of  the  marine  Trias  of  Arakan. 
Its  thick  series  of  sediments  help  to  form  the  great  ranges  of  Asia,  but 
their  connexion  with  the  Trias  of  the  Alps  is  still  little  known.  Gries- 
b€u;h's  widely  extended  investigations  in  Afghan  Turkestan  show  that 
EcUobia  Lommeli  of  the  upper  Alpine  Trias  recurs  near  Chahil,  north-west 

'  F.  Teller,  Die  Pelecjpoden-Faana  Ton  Werchojansk  in  Ost-Sibirien,  in  E.  Mojaisoyics 
von  Mojsrdr,  Arktische  Triasfannen ;  M^m.  Acad.  Imp.  Sci.  Saint-P^tersb.,  1886,  XXXIII, 
No.  6,  p.  103  et  seq. 
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of  Saighan  in  Turkestan^.    But  it  appears  there  aaaoeiated  witk|b| 
bearing  beds,  which  represent  part  of  the  GondwILna  aeries  of  hik, 
we  have  seen  that  a  lower  part  of  this  series  enters  into  the  8bDctetiii| 
the  great  ranges  near  Daijiling  (I,  p.  677). 

Further  to  the  west  information  is  wanting.     In  Susaian  Totkerisj 
the  Trias  is  absent.    In  the  Caucasus  only  plant-bearing  beds  an  faM 
below  the  Lias,  to  which  they  are  supposed  still  to  belong.    Mojaam 
who  has  rendered  such  great  service  in  determining  the  subdivision  of  b 
Trias,  believes  he  has  found  indications  of  the  lower  Alpine  Trias  ahn 
the  Permo-Carboniferous  sediments  of  Djoulfa  in  Armenia;  batitia' 
the  collections  sent  by  Russian  geologists  from  the  mountain  of  Bogdo  ontti 
lower  Volga,  which  first  enabled  him  to  prove  definitely  the  preaenoeottti 
Alpine  Trias  in  this  region.    In  the  north-west  of  Asia  Minor,  on  the  loiw 
Danube,  in  the  Balkans,  in  the  Carpathians,  and  in  the  MittelgeUije  i 
Hungary,  this  formation  appears  with  increasing  frequency  until  we  ndi 
the  region  of  the  eastern  Alps.    From  here  the  aedimenta  of  this  groi| 
extend  to  the  Orisons,  the  southern  Alps  and  Boania,  and  proceed  thioq^ 
the  Apennines  to  Sicily ;   they  are  found,  though   not   with  the  am 
characters,  in  the  northern  slopes  of  the  Swiss  Alpa  and  croaa  the  Baknit 
isles  to  the  Ebro. 

These  facts  reveal  to  us  a  sea  which  extended  from  the  interior  ol 
Asia  over  the  south  of  Europe.  It  is  this  sea  which  the  atudy  of  th 
distribution  of  the  Jurassic  sediments  disclosed  to  Neumayr,  and  it  htt 
been  named  by  him  the  *  Central  Mediterranean  \' 

We  have  seen  from  three  examples,  namely  from  the  Hercynian  stage 
of  the  lower  Devonian,  from  the  Fusulina  limestone  of  Hie  upper  Gtf- 
boniferous,  and  from  the  Permo-Carboniferous  depoeita  of  Djoulfa^  that 
calcareous  marine  formations  occur  in  the  south  and  south-eaat  of  Europe; 
while  clastic  sediments  and  the  deposits  formed  in  shallow  water  prevail 
towards  the  middle  or  the  north-west.  The  same  phenomenon  preaeati 
itself  again  in  the  Trias.  Even  in  the  regions  where  the  ayatem  fint 
received  this  name  (central  and  northern  Germany,  together  with  Kngland  ] 
and  a  large  part  of  France,  including  the  Jura  and  the  D^>artement  da 
Yar),  it  presents  itself  with  a  local  and  abnormal  facies :  daatic  and  sab- 
littoral,  lacustrine,  and  salif erous  deposits  assume  far  greater  prominence 
here  than  elsewhere,  and  its  development  in  these  regions  aa  the  triad 
group,  Bunter  sandstone,  Muschelkalk,  and  Reuper,  affords  a  atriking 
example  of  a  sedimentary  cycle,  with  a  lenticular  mass  of  limestone  as 
the  middle  term.     The  Muschelkalk  indeed  is  absent  towards  the  north- 

^  C.  L.  Griesbach,  Field  Notes :  No.  5,  to  accompany  a  Geological  Sketch-map  of  Afghani- 
st&n  and  North-eaitem  Khoraasan ;  Rec.  Geol.  Sorv.  India,  1887,  XX,  p.  97  et  aeq. 

*  M.  Neamayr,  Die  geographiache  Yerbreitung  der  Juraformation ;  Denkichr.  k.  Akad. 
Wiss.  Wien,  1885,  L,  pp.  57-86,  maps. 
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west,  namely  in  the  western  part  of  the  basin  of  Paris,  and  in  England ; 
there  the  Eeuper  rests  directly  upon  the  Bunter  sandstone,  often  only  with 
difficulty  to  be  distinguished  from  it 

It  was  impossible  to  arrive  at  a  correct  interpretation  of  the  most 
important  of  these  regions,  so  long  as  the  horsts  of  the  Rhine,  the  Black 
Forest,  and  the  V osges  were  regarded  as  parts  of  an  ancient  coast.  Benecke, 
as  early  as  1877,  had  liberated  himself  from  this  mistaken  theory,  and  was 
then  led  to  formulate  general  views  in  respect  to  the  west  of  central 
Europe  \  But  if  we  follow  in  detail  the  descriptions  of  Benecke,  Sand- 
berger,  and  other  Qerman  investigators,  we  perceive  the  danger  of  a  too 
simplified  and  too  generalized  conception  of  the  Trias  as  representing 
a  regular  cycle.  The  Bunter  sandstone  is  indeed  a  transgressive  deposit 
marking  a  positive  period;  it  rests  on  rocks  of  very  different  age.  But 
the  beds  of  various  nature  which  are  intercalated  in  this  series,  some- 
times containing  marine  shells,  at  others  terrestrial  plants,  and  composed 
in  some  cases  of  dolomitic  limestone ;  or  again,  the  variegated  gypsif erous 
clays  of  the  middle  Muschelkalk,  the  various  salt-bearing  zones,  and  the 
repeated  interbedding  of  dolomite  with  the  Eeuper,  which  includes  here  and 
there,  as  far  as  north  Germany,  isolated  marine  moUusca,  and  near  WUrz- 
burg  even  Myophoria  Baibliana,  so  widely  distributed  in  the  eastern 
Alps — all  these  are  only  a  few  of  the  many  anomalies,  probably  true 
recurrences,  which  interrupt  the  cycle.  At  the  same  time,  with  the  progress 
of  events,  the  sediments  continued  to  increase  in  thickness,  until  finally,  at 
the  close  of  the  Eeuper,  the  littoral  sediments  of  the  Rhaetic,  which  forms 
the  next  stage,  extended  beyond  the  limits  of  the  Trias  on  to  the  older 
rocks,  indicating  a  higher  level  of  the  coast-line  than  had  at  any  time 
existed  during  that  period. 

The  calcareous  deposits  of  the  extra- Alpine  Trias  are  always,  wherever 
they  occur,  intercalated  between  the  two  clastic  members,  the  Bunter  sand- 
Btone  and  the  Keuper.  Their  distribution  corresponds  in  a  striking  manner 
with  that  of  the  Zechstein,  but  is  not  so  extensive.  Here  we  have  a  cycle 
accomplished  in  oscillations. 

Ciontemporaneously,  sediments  of  quite  a  different  nature  were  deposited 
in  the  eastern  Alps.  They  are  almost  exclusively  of  pelagic  origin  and 
distinguished  by  a  rich  fauna ;  limestone  and  dolomite  attain  a  considerable 
thickness  in  this  region. 

A  very  singular  development  characterizes  the  Trias  in  south  Tyrol. 

F.  von  Richthof  en  observed  that  at  certain  horizons  of  the  Trias  in  this 
region  vast  masses  of  limestone  and  dolomite  protrude,  forming  mountains 
with  steep  slopes,  and  that  between  these  masses  and  on  their  flanks  clastic 
sediments  and  volcanic  tuffs  have  been  deposited.    He  regarded  them  as 

*  £.  W.  Benecke,  Ueber  die  Trias  in  ElBass-Lothringen  und  Laxemborg ;  Abh.  i.  geol. 
Specialkarte  v.  Elsass-Lothringen,  1877, 1,  Heft  4. 
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coral  reefs.  GUmbel  raised  the  objection  that  corals  are  rure  in  tkaB  fi 
limestones,  and  that  for  the  most  part  they  are  stratified.  The  fads  of  &I  i 
case  are  clearly  set  forth  in  the  descriptions  given  by  K  von  MojaBorel  I 
and  his  fellow  workers,  H.  Uoemes  and  C.  Doelter  \  Mountainous  dibi  I  a 
of  limestone  and  dolomite  are  buried  up  in  the  clastic  sediments  of  kl  t 
Trias.  The  form  of  these  masses  does  not  correspond  with  that  of  ttil  i 
mountains,  except  in  those  rare  cases  where  the  outer  slopes  of  thend' 
have  been  exposed  by  denudation,  and  persist  as  the  existing  dopesrftkl 
mountain.  Most  of  the  masses  are  stratifiedl,  but  some  not.  Hojoml 
thinks  the  unstratified  masses  are  coral  reefs.  On  the  onter  slope  of  ■&' 
masses  ancient  accumulations  of  d^ris  with  'overcast-bedding 'ares 
times  to  be  seen.  That  the  expression  'reef  is  justified  can  haxdly k' 
doubted.  In  the  lower  horizons  we  may  observe  between  the  Adigeai' 
the  valley  of  the  Sexten  two  regions  of  ree&,  a  western  and  an  eastea; 
in  the  intervening  district  the  reefs  are  wholly  missing.  At  a  later  peiU, 
when  the  Saint  Cassian  beds  had  been  deposited,  these  two  regions  of  reeb 
were  united  in  a  band  which  runs  through  Caprile,  Pieve  di  Cadore,  ml 
Auronzo,  so  that  the  area  of  deposition  of  the  clastic  sediments  mi 
diminished.  We  may  add  that  at  a  still  higher  horizon  of  the  Flattenkalk 
the  stratified  beds  extended  over  the  whole  region. 

In  the  northern  Alps  massive  or  stratified  limestones  and  dolomita 
have  been  found  in  more  or  less  continuous  sheets.  We  will  restrict  cm 
attention  to  the  upper  beds>  which  are  so  intimately  associated  with  the 
Rhaetic  stage.' 

2.  Positive  movementa   in  the  Rhaetic  period.     Standing  near  the 
Konigssee  near  Berchtesgaden,  we  may  readily  distinguish  in  the  white 
wall  of  cliSis  above  Sankt  Bartholomae  two  well-marked  subdivisions :  the 
rock  below  is  grey,  unstratified,  splintery,  and  weathers  into  numeroos 
sharp  cones ;  that  above  is  divided  by  regular  bedding-planes  and  crowns 
all  the  higher  summits  of  the  clifis.    But  if,  south  of  tJie  lake,  we  ascend 
the  height  of  the  Steinemes  Meer,  the  eye  sweeps  over  a  panorama  of. 
mountains  which,  as  far  up  as  the  peak  of  the  Watzmann,  are  travexsed 
by  the  same  regular  bedding-planea    This  member  of  the  Alpine  limestone 
immediately  underlying  the  Rhaetic  stage  has  received  the  characteristic 
name  of  Plattenkalk,    It  has  been  traced  from  the  Vorarlberjg   to  the 
eastern  extremity  of  the  Alps  near  Vienna,  as  well  as  through  tiie  whole 
limestone  region  of  the  southern  Alps,  and,  maintaining  the  same  characten, 
in  the  faulted-in  band  of  the  limestone  which  traverses  Carinthia.    We 
may  also  include  with  it  the  stratified  limestone  masses  of  the  Dachstein 

'  F.  Yon  Richthofen,  Geognostische  Beschreibang  von  Predazzo,  St.  CaMian  and  der 
Seisser-Alpe,  4to,  Gotha,  1860 ;  C.  W.  GOmbel,  Das  Mendel-  und  Schlemgebirge,  Sitiber.  k. 
bayr.  Akad.,  1873,  p.  71  et  seq. ;  E.  Mojaisovics  von  Mojsvdr,  Die  Dolomitriffe  tod  Sfld- 
Tyrol  und  Venetien,  8vo,  Wien,  1879. 


CH.vi]  RHAETIC  POSITTVE  MOVEMENTS  261 

vumntaim,  and  regard  Flatteokslk  and  Dachsteinkalk  aa  synoDymoua 
teims.  The  pale  limestones,  however,  which  overlie  the  richly  fossiliferous 
beds  of  the  Bhaetic  stage,  and  in  the  western  part  o£  the  northern  Alps 
are  OBaally  spoken  of  as  Dachsteinkalk  or  upper  Dachsteinkalk  in  opposi- 
tion to  Flattenkalk,  are  only  a  recurrence  of  the  beds  of  the  Plattenkalk  at 
a  higher  stage. 

That  the  shells  of  foraminifera  form  a  large  part  of  the  anbetanee  of 
these  limefitonee  was  known  long  ago  to  Schafhantl  and  Qiimbel ;  in  1863, 
Peters  showed  by  an  examination  of  tJiin  slices  that  the  limestone  of  the 
Dachstoin  mountains  and  the  Terglon  abounds  in  micro-organisms  \  But 
they  present  many  other  instructive  characters;  a  wide  and  attractive 
field  of  investigation  opens  out  here,  as  yet  hardly  touched,  and  I  can  there- 
fore only  offer  a  few  preliminary  observations. 


Schneibatoin 


Fta.  37.     rUmfrvm  th*  ObtrbJmtr,  tuemt  to  Ot  Ftmtaim  Alp,  SItiturrm  Mmt. 


Let  OS  approach  more  closely  one  of  tiie  colossal  limestone  walls.  We 
may  first  call  attention  to  the  bright  red  shards  which  are  strewn  through 
some  of  the  beds.  Sometimes  these  fragments  are  angular,  and  look  as 
though  they  had  been  broken  off  from  a  hard  red  bed ;  sometimes  they  are 
thinly  laminated  in  red  and  yellow  layers ;  sometimes,  again,  we  see  lying 
in  the  limestone  one  of  the  great  shells  of  Megalodus  filled  with  red 
material  up  to  a  level  line,  above  this  either  white  limestone  or  calcspar. 
This  red  material  is  the  terra  roaaa  of  the  Earst  and  of  the  emetged  coral 
reefs  of  Oceania,  the  residue  left  after  the  solution  of  limestone,  and  thus 
scarcely  likely  to  have  been  formed  beneath  the  sea. 

Next  the  behaviour  of  the  corals  must  be  considered.  In  the  light 
grey  limestone,  branches  of  great  coral  growths  replaced  by  white  calcspar 
are  visible,  which  owing  to  the  difficulty  of  a  closer  determination  are 
generally  described  as  Lithodendron.  The  radiating  branches  present 
a  rosette-like  or  nodular  form ;  sometimes,  indeed,  rosettes  of  this  kind  are 

■  K.  F.  Peters,  Ueber  FoTaminiferon  im  Dachtteiukallc ;  Jabrb.  k.  k,  geol.  Reicba., 
1863,  XIII,  pp.  293-298. 
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Been  seated  on  the  shell  of  a  great  M^alodoa.  Bat  the  lithodealm' 
corals  are  not  only  scattered  through  the  limestone.  There  are  some  Ui 
which  are  entirely  made  up  of  them ;  their  branches  are  men  or  Im 
vertical,  the  intervals  between  them  being  filled  up  with  limestone.  Tket 
are  true  coral  limestones.  At  the  base  these  beds  are  sepanted  Ij 
a  bedding-plane  from  the  underlying  limestone,  but  strange  to  say  tb} 
are  similarly  separated  above  from  the  next  succeeding  bed  by  a  eimUmwi 
plane  of  division  which  may  frequently  be  followed  for  a  great  diitnB 
along  the  face  of  the  cliff:  their  knoll-like  masses  and  branches  do  la 
extend  into  the  next  limestone  bed,  contrary  to  what,  from  the  irregolni^ 
of  their  growth,  we  might  naturally  have  expected.  I  even  remember  h 
have  seen,  several  years  ago,  in  the  cliffii  of  the  Schladminger  loch  intb 
Dachstein  mountains,  two  coral  beds  of  this  kind,  separated  by  a  trifln| 
interval,  maintaining  for  an  indefinite  distance  a  constant  thwViM^ 
Whether  the  upper  surface  is  a  plane  of  erosion  such  as  is  produeedlij 
the  sea  on  the  borders  of  existing  coral  reefs,  I  am  unable  to  say. 

The  beds  theTnadves  vary  greatly  in  character.  Sometimes  they  m 
grey,  very  splintery,  and  without  a  trace  of  organic  remains,  at  otha 
pale  yellowish  or  greyish  white,  breaking  with  an  even  fracture,  aal 
occasionally  rich  in  fossils.  These  beds  of  different  natore  occur  b 
repeated  alternations. 

They  often  contain  over  40  per  cent,  of  magnesium  carbonate :  then 
can  be  no  doubt  that  in  these  cases  dolomite  has  been  precipitated  as  sndi 
from  the  sea  ^. 

Beneath  are  beds  which  contain  numerous  minute  organisms^  and 
outwardly  bear  no  resemblance  to  a  dolomite. 

The  internal  structure  of  the  beds  is  also  very  various.  Some  an 
laminated,  as  is  clearly  shown  by  the  weathered  surfaces,  even  in  the  caae 
of  the  Gyroporella  beds  of  the  Rax  Alp  in  lower  Austria  which  belong  to 
a  lower  horizon.  Others  contain  larger  or  smaller  fragments  of  limestone 
of  a  different  origin,  which  are  often  only  revealed  by  polishing^.  In  the 
Dachstein  mountains,  on  the  left  side  of  the  Karls-Eisfeld,  beneath  the 
Schoberl,  Rhynchonella  ancilla  is  found  in  immense  numbers.  Freshly 
broken  out  blocks  of  the  rock  show,  however,  when  polished,  that  the 
Rhynchonellas  are  embedded  in  fragments  of  a  light  grey  limestone,  which 
are  derivative,  forming  foreign  inclusions  in  this  bed.  The  polished 
surfaces  also  reveal  fragments  of  a  yellowish-white  limestone,  containing 
other  organic  remains,  and  of  an  unfossiliferous  grey  limestone,  as  weU 

^  GClmbel  has  always  maintained  this  view;  the  dolomitic  intercalations  in  the 
Potsdam  Sandstone,  the  Waterlime  of  the  upper  Silurian  of  North  America,  the 
dolomitic  beds  of  the  upper  Devonian  of  Russia,  those  which  represent  the  Zechstein  in 
England  and  those  in  the  German  Keuper,  all  of  them  more  or  less  littoral  deposit^  are 
so  many  examples  of  the  direct  deposition  of  dolomite. 
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as  parts  which  are  coloured  by  red  earth  in  bands  of  lighter  and  darker 
tints. 

A  farther  peculiarity  is  the  incrvstation  of  the  included  fragments. 
It  not  seldom  happens,  and  an  excellent  instance  is  afforded  by  the  Earls- 
Eisfeld  rock,  that  each  of  these  derivative  components  has  been  covered 
with  a  thick  crust  of  carbonate  of  lime,  which  was  deposited  before  the 
formation  of  the  matrix.  In  sections  this  crust  shows  a  radiate  structure. 
Occasionally  adjacent  fragments  are  enclosed  in  a  common  crust.  This 
case  differs  completely  from  that  in  which  carbonate  of  lime  fills  up  the 
interior  of  shells,  as  for  instance  the  brachiopods  of  the  Vils  beds,  and 
replacing  the  rock  forms  in  some  cases  the  whole  of  the  matrix  as  well,  as 
has  been  described  by  Rothpletz  ^ ;  it  is  the  incrustation  of  the  fragments 
by  sinter,  followed  by  their  cementation  together,  before  the  formation  of 
the  matrix  and  the  completion  of  the  rock.  It  is  not  easy  to  understand 
how  this  process  could  take  place  beneath  the  sea. 

We  have  next  to  consider  the  mode  of  separation  of  the  beds.  In  some 
series  successive  beds  are  separated  by  sharply  marked  divisional  planes, 
but  are  not  distinguished  by  any  lithological  differences;  in  other  cases 
a  bed  may  consist  of  two  or  three  layers  clearly  defined  from  each  other  by 
differences  of  colour  and  texture,  but  yet  not  separated  by  any  interruption 
of  continuity  *. 

It  not  seldom  happens  that  a  single  bed  consists  of  two  or  even  three 
layers,  which  are  not' separated  by  bedding  planes  but  by  a  dark,  acutely 
denticulate  line,  not  unlike  a  cranial  suture.  They  have  been  described  by 
Giimbel  and  Pichler ;  Rothpletz  describes  them  under  the  name  of  *  Sutures.' 
They  have  not  been  formed  by  pressure,  as  has  been  supposed ;  if,  taking 
advantage  of  the  thin  film  of  clay  which  is  seen  in  section  as  the  dark 
jagged  line  of  demarcation,  we  succeed  in  exposing  the  surface  of  separa- 
tion, we  perceive  that  it  is  a  true  stylolith  formation,  i.  e.  that  numerous 
particles  of  the  upper  deposit  have  sunk  into  the  lower,  forming  a  number 
of  cones  ^ 

'  A.  Rothpletz,  GeologiBch-palftontologiBche  Monographie  der  Yilsex^Alpen ;  FkJ&onto- 
graphica,  XXXIII,  p.  66,  pi.  xv,  fig.  17.  Bischof  has  Bhown  what  weighty  cprounds  there 
are  for  the  belief  that  carbonate  of  lime  is  not  precipitated  in  the  sea  without  the 
assistance  of  organisms ;  Loretz  has  observed  foraminiferae  in  thin  slices,  surrounded  in 
like  manner  by  zones  of  radiate  structure ;  Zeitschr.  deutsch.  geol.  Ges.,  1878,  XXX, 
p.  412,  pi.  xviii,  fig.  11. 

*  E.  Suess  und  E.  von  Mojsisovics,  Studien  fiber  die  Oliederung  der  Trias-  und 
Jurabildangen  in  den  Ostlichen  Alpen ;  II,  Die  Gebirgsgruppe  des  Osterhomes,  Jahrb. 
k.  k.  geol.  Reichs.,  1868,  XVIII,  pp.  167-200. 

'  These  sutures  may  be  seen  in  the  polished  faces  of  blocks  of  upper  Jurassic  and 
lower  Cretaceous  limestone  used  in  the  buildings  of  upper  Italy,  but  here,  so  far  as 
I  have  observed  them,  they  only  separate  beds  of  the  same  nature.  A  bed  is  seen  on  the 
Osterhom  (No.  22  in  the  list  in  Jahrb.  k.  k.  geol.  Reichs.,  1868,  p.  172)  which  consists,  at 
its  base,  of  a  reddish  brown ;  above,  of  a  grey  layer.  The  lower  layer  (a)  contains  many 
organic  remains,  including  corals,  and  the  upper  grey  layer  (d)  penetrates  horn  abore 
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We  now  come  to  the  last  and  most  important  of  these  8tnictani,h 
paHings.    The  bedding-planes  are  usually  characterized  by  the  praoBi 
of  an  argillaceous  matter,  foreign  to  the  rock.     The  localities  where  iia' 
intercalations  or  partings  occur  are,  however,  somewhat  diflSeult  toi«d,l 
and  I  cannot  positively  affirm  that  they  are   always   present    Ontkl 
Osterhom,  south  of  the  Wolfgang-See,  thin  streaks  of  lustrous  coal  fond  { 
of  drifted  stems  of  plants  make  a  rare  appearance  here  and  there  in  tte  I 
uppermost  beds  of  the  Plattenkalk,  not  far  below  the  lowest  beds  ofthl 
Rhaetic  series.    The  partings  are  formed  of  black  bituminous  shale,  e» 
taining  remains  of  Qanoids,  and  numerous  scale-like  leaves  and  twigiit 
Araucarites  aZpinus,    Notwithstanding  the  occasional  layers  of  coal  di- 
tributed  through  it,  the  limestone  with  its  pale  coloor,  its  M^;aIodoiuiBl 
corals,  presents  a  most  striking  contrast  to  the  black   shales  with  that 
fishes  and  terrestrial  plants.    These  intercalations  are  continued  towaidi 
the  west    Yon  Ammon  has  described  them  in  detail  from  the  neigfaboV' 
hood  of  Partenkirchen  in  Bavaria  \    At  Seef eld  in  Tyrol  petroleum  lis 
long  been  obtained  from  these  fish-bearing  partings,  and   the  drcyped 
'  Saint  Hubert's  oil '  which  are  sometimes  seen  fioating  on  the  water  of  tk 
springs  come  from  these  beds.    On  the   Osterhom  these   partiDgs  ir 
repeated  several  times  in  succession  in  the  pale  limestone ;.  a  little  hi^ 
and  then  between  the  beds  of  this  limestone  we  perceive  the  first  calcareooi 
shales  containing  bivalves,  such  as  in  Swabia  characterize  the  littonl 
development  of  the  Rhaetic  series. 

These  beds  themselves  have  at  first  more  or  leas  the  character  of 
partings ;  they  increase  in  thickness,  but  the  pale  limestone  continues  to 
alternate  with  them  in  isolated  bands ;  the  whole  series  grows  darker  in 
colour,  the  clastic  elements  increase  in  importance;  step  by  step  as  we 
ascend  in  the  series,  the  mollusca  of  the  deeper  water  preponderate  more 
and  more  over  those  of  the  coast,  until  at  length  we  find  ourselves  in  the 
midst  of  the  pelagic  development  of  the  Rhaetic  series,  yet  once  again 
the  white  limestone  with  Lithodendron  makes  its  appearance  in  two  beds, 
together  60  feet  thick,  and  then  finally  the  dark  layers  of  the  Rhaetic. 

fairlj  deep  into  the  cylindrical  cavities  of  these  corals.    An  analysis  kindly  made  by 

Dr.  G.  Natterer  shows : 

Water (a)  0.04  (d)  0-05 

Insoluble  in  hydrochloric  acid              0*26  1«64 

Iron,  traces  of  phosphoric  acid     .        0*13  0*80 

CaCO, 55.76  55.10 

MgCO, 44.18  42.76 

100.32         99.85 
The  two  beds,  so  different  in  appearance,  are  therefore  both  true  dolomites  and  differ 
only  in  the  quantity  of  clay  and  iron  they  contain. 

'  L.  von  Ammon,  Die  Gastropoden  des  Hauptdolomites  und  dea  Plattenkalkea  der 
Alpen  ;  Abh.  zool.-min.  Ver.  Regensburg,  1878,  XI,  pp.  46-55. 


CH,vi]       BONE  BEDS  IN  THE  PLATTENKALK  265 

Thus  we  start  with  the  result  that  the  first  Rhaetic  intercalations  in 
the  white  limestones  anfid  dolomites  are  not  deposits  of  the  deep  sea ;  they 
are  ckaracteriaed  on  the  contrary  by  a  littoral  fauna. 

Another  example  of  the  succession,  quite  as  striking  as  that  of  the 
Osterhom,  has  been  described  by  Zugmayr  in  lower  Austria  \ 

Close  to  the  mill  at  Waldegg  in  the  Piestingthal,  where  the  thickness 
of  the  Plattenkalk  is  estimated  as  at  least  1,000  meters,  reddish  marl 
appears  as  partings  in  the  beds  near  the  summit ;  these  fill  up  the  trifling 
depressions  in  the  upper  surface  of  the  beds,  and  sometimes  unite  together 
to  form  thin  continuous  layers.  They  contain  numerous  scales,  teeth  of 
Gyrolepis,  Sargodon,  Saurichthys,  Acrodus,  and  other  fishes,  and  represent 
the  bone  bed  which  accompanies  the  Rhaetic  series  in  its  littoral  develop- 
ment. They  are  repeated  four  or  five  times  at  least  between  the  hard 
limestone  beds.  Next  follows  hard  limestone,  again  with  Megalodus, 
then  a  parting  nearly  two  feet  thick,  with  Rhaetic  mollusca  of  a  littoral 
character ;  again  limestone,  and  another  reddish  layer  with  a  bone  bed,  and 
then,  after  some  closing  alternations,  the  representatives  of  the  rising 
Rhaetic  sea,  increasing  continually  in  depth.  It  would  be  superfluous  to 
multiply  examples.  The  presence  of  the  marls  and  red  shards,  the  heaping 
together  of  the  various  kinds  of  limestone  fragments,  and  perhaps  also 
the  encrusting  sinter,  all  combine  to  show  that  the  surface  of  some 
of  the  beds  of  the  Plattenkalk  was  uncovered  by  the  sea,  exposed  for 
a  while  to  the  air,  and  then  again  submerged.  With  the  appearance 
of  the  Rhaetic  shells  we  observe  an  increasing  proportion  of  detrital 
sediments. 

In  the  succession  of  the  Osterhom  several  facies  may  be  distinguished, 
which  represent  so  many  diflerent  bathymetric  stages  in  the  Rhaetic  sea. 
The  first  of  these  is  the  Swabian  facies:  a  bone  bed,  layers  with  Mytilus 
and  Taeniodon,  with  Avicvla  contorta,  but  without  brachiopods.  It  is 
succeeded  by  the  Carpathian  facies  with  Avicvla  corUorta,  Terebratula 
gregaria,  Ostrea  HaidingeH,  Then  comes  the  Eossen  facies  with 
numerous  brachiopods,  such  as  Spirigera  oxycolpos;  and  last  of  all  the 
Salzburg  facies  with  Choristoceras  Marshi  and  Avicvla  speciosa. 

The  first  three  members  of  this  series  are  found  also  at  several  localities 
in  the  north-eastern  Alps.  Schlonbach  has  described  them  at  Eossen; 
they  occur  on  the  slopes  of  the  Scesa  plana  in  the  Yorarlberg,  as  is  shown 
by  collections  which  Escher  made  in  his  time  and  presented  to  me,  while 
in  other  parts  of  Vorarlberg  the  Carpathian  facies  seems  to  close  the  series. 
Stoppani  has  traced  these  deposits  with  great  care  along  the  whole  of  the 
limestone  zone  of  the  Italian  Alps,  and  has  divided  them  into  two  groups — 
a  lower,  consisting  of  shales  and  shelly  limestones,  the  facies  of  which  is 

^  H.  Zugmayer,  Ueber  bonebedartige  VorkommniBfle  im  Dachsteinkalke  des  Piesting- 
thales ;  Jahrb.  k.  k.  geol.  Reichs.,  1875,  XXV,  pp.  79-88. 
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purely  Swabian  ;  and  an  upper,  the  beds  of  Assarola,  the  fades  of  vUkj 
is  as  distinctly  Carpathian  ^. 

The  Swabian  f acies,  maintaining  a  distinctly  littoral  character,  exkedij 
far  beyond  the  region  of  the  Alps.  At  the  most  remote  locality  in  Emop 
LinksBeld  in  Sutherland,  it  is  only  known  in  scattered  blocka  fm\ 
Scotland  it  extends  into  the  north-east  of  Ireland,  and  is  continued  than 
across  the  counties  of  Nottingham,  Warwick,  Worcester,  Gloucester,  ni 
Somerset,  to  Dorset.  Some  obscure  littoral  patches  occur  on  the  coitt  i 
Scania ;  it  is  found  over  a  large  part  of  France,  and  the  whole  of  entnl 
Germany.  The  Carpathian  facies  is  iajr  more  restricted  in  its  distribntiii 
It  scarcely  extends  beyond  the  region  of  the  great  folded  mountains,  btti 
known  in  the  Jura,  throughout  the  whole  course  of  the  Alps  and  tti 
Carpathians,  in  the  Apennines  and  in  Corsica.  It  presents  itself  in  tyjiiil 
development  at  Meillerie  on  the  lake  of  Geneva  (Favre),  near  the  fill  i 
NUnenen  on  the  Stockhom  (Brunner),  and  south  of  Hindelang  between  tb 
nier  and  the  Lech  (Escher  and  Merian).  The  region  of  the  Kossen  bda 
is  still  more  restricted.  It  is  found  in  the  north-east  Alps,  at  several  pliM 
in  the  Carpathians,  and  extends  as  far  as  Bukowina '.  SometimeB  th 
brachiopods  of  this  zone  lie  together  in  dense  masses  in  the  light-red  lisM* 
stone  of  the  Starhemberg  beds,  which  occur  only  in  the  north-east  Alpi; 
as  is  the  case  also  with  the  Salzburg  facies,  which  has  been  less  studied. 

Thus  in  the  Rhaetic  series  of  the  Alps,  the  littoral  beds  occupy  the 
lowest  position,  beneath  all  the  other  subdivisions ;  at  the  same  time  tbej 
attain  their  greatest  distribution  over  Europe. 

The  upper  beds  of  the  Plattenkalk  in  the  Osterhom  were  deposited 
during  a  series  of  oscillations  with  a  preponderant  positive  moyemeDL 
The  preponderance,  however,  was  so  slight  that  the  limestone  wu 
uncovered  by  the  sea  after  its  deposition.  It  remained  exposed  to  the  air 
during  the  whole  of  the  negative  recurrence  and  the  corresponding  part  of 
the  next  positive  phase  {—ef  to  •\' Id,  II,  p.  25).  As  the  periods  of  snb- 
mergence  became  more  and  more  prolonged,  terrigenous  sediment  made  its 
appearance,  consisting,  however,  not  of  sand,  but  of  clay,  and  with  it  & 
littoral  moUuscan  fauna.  With  the  persistence  of  the  positive  movement 
the  Swabian  facies  was  replaced  first  by  the  Carpathian,  and  then  by  the 
Kossen  facies,  so  rich  in  brachiopods.  At  the  same  time  the  whole  of  the 
central  European  sea  advanced  further  and  further  beyond  its  previous 
bounds.     While,  in  the  Alps,  beds  with  the  Kossen  facies  accumulated  in 

^  XT.  ScblCnbach,  Verb.  k.  k.  geol.  Reiclis.,  1867,  p.  211 ;  A.  Stoppani,  Evai  rar  lei 
conditionB  g^n^rales  des  couches  a  Avicula  contorta  et  sur  la  constitntion  g^ologiqae  et 
pal^ontologiqae  speciale  de  ces  m^mes  coaches  en  Lombardie,  ito,  Milano,  1861,  and 
supplement,  1863.  Lepsius  has  described  a  Gyrena  of  the  Swabian  facies  from  the  KmUi 
Alps  which  points  to  fresh  or  brackish  water;  cf.  his  Das  westliche  Stld-Tfroly  4to, 
Berlin,  1878,  p.  360 ;  the  stratified  succession,  op.  cit.,  p.  102. 

'  Its  occurrence  near  Taormina  in  Sicily  has  been  recently  disputed. 
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leep  water  over  the  now  completely  buried  Plattenkalk,  elsewhere,  as  on 
.  he  distant  shores  of  England  and  Scotland,  littoral  beds  were  deposited. 
These  continually  advanced  inland,  characterized  by  the  same  bone  bed  and 
^•he  same  fossils  as  are  to  be  found  in  the  eastern  Alps,  where  they  occur 
'sither  in  the  partings  of  the  light-coloured  Plattenkalk,  or  in  the  beds 
^JOtimediately  above  this  stage. 

-       If  we  ascend  the  foot  of  the  Osterhom  to  about  200  meters  above  the 

first  intercalation  of  the  Swabian  facies,  we  shall  still  find  ourselves  among 

temparatively  deep-sea  deposits,  here  represented  by  the  layers  rich  in 

ifarachiopods.    The  positive  excess  of  the  oscillations  must  consequently 

Ehave  amounted  to  more  than  200  meters,  otherwise  none  but  littoral  beds 

^would  have  been  deposited  on  the  site  of  the  Osterhom.    Hence  (Pos.  +  a 

f  4- <r—Neg.)>  200  meters  (H,  p.  220).    This  positive  movement  manifests 

itself  in  the  littoral  regions  by  a  transgression  which  has  been  traced  by 

Hubert  and  Martin  over  the  whole  of  the  south  of  the  Central  Plateau  of 

France,  from  the  valley  of  the  Rhone  through  the  departments  of  Ard^he, 

Gard,  Lozfere,  Corr^e,  and  Dordogne,  as  well  as  over  the  north  in  the 

Ni^vre,  Cdte-d'Or,  and  Sadne-et-Loire.    This  led  Hubert  to  conclude  that 

the  Central  Plateau  had  undergone  a  gradual  subsidence  in  the  Rhaetic 

period  \    In  England,  also,  signs  of  this  transgression  are  not  wanting,  and 

it  may  have  left  its  mark  in  still  more  distant  localities. 

Thus,  on  the  lake  of  Geneva  we  find,  according  to  Favre,  the  Carpathian 
facies  lying  at  a  higher  level  than  the  Swabian  ' ;  in  like  manner  in  England, 
the  Rhaetic  stage,  where  it  is  best  known,  as  in  Somersetshire  and  on  the 
borders  of  the  Severn,  as  well  as  further  north  in  Nottinghamshire,  consists 
of  sandstone  with  one  or  more  layers  of  bone  bed,  and  it  is  not  till  we  pass 
a  little  above  this  that  shales,  thin  seams  of  limestone,  and  the  mollusca  of 
Swabian  facies  make  their  appearance  \ 

Our  study  of  the  numerous  observations  made  on  the  stratified  succes- 

'  E.  Hubert,  Lea  Men  ancienneB  et  leura  riyages  dans  le  baasin  de  Paris,  Svo,  1857 ; 
J.  Martin,  Zone  k  Avictda  cwUotia  ou  £tage  Rh^tien,  Svo,  Paris,  1865,  in  particular 
p.  175. 

'  A.  Favre,  M^moire  snr  les  terrains  liasique  et  keup^rien  de  la  Savoie ;  M^m.  Soc.  phys. 
et  hist.  nat.  Geneve,  1859,  XY,  a,  pp.  112  and  181. 

'  T.  Wright,  Monograph  of  the  Lias  Ammonites,  Palae.  Soc,  1878,  p.  5  et  seq. ; 
E.  Wilson,  The  Rhaetics  of  Nottinghamshire,  Quart.  Journ.  Geol.  Soc,  1882,  XXXVII, 
pp.  451-456.  As  early  as  1860  Mr.  C.  Moore,  of  Ilminster,  was  good  enough  to  send  me 
all  the  Rhaetic  specimens  of  his  collection,  and  Mr.  T.  Davidson,  of  Brighton,  and 
Mr.  T.  Wright,  of  Cheltenham,  have  kindly  furnished  me  with  much  information  on  this 
subject.  A  journey  to  England  completed  my  acquaintance  with  the  deposits  of  that 
country.  My  object  was  to  obtain  a  general  idea  of  the  Rhaetic  sea.  A  deeper  know- 
ledge of  the  facts  served  to  enlarge  the  task ;  my  kind  friends,  Davidson,  Moore  and 
Wright,  as  well  as  Escher  and  Oppel,  are  long  since  dead,  and  it  is  only  now  that  I  am 
at  last  able  to  give  here  my  final  results.  Diacina  Cellensis  from  the  BOrgtr-Alpe, 
Mariazell,  and  Diacina  Towtuhendi,  Forbes,  from  Frome  near  Bristol,  are  identical 
Oppel  also  sent  me  specimens  of  this  species  from  Reit  im  Winkel. 
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sion  and  distribution  of  the  Rhaetic  series  has  now  advanced  so  far  as  to 
enable  us  to  form  some  idea  of  the  processes  which  acoompanied  the 
apparition  of  this  new  marine  fauna,  and  to  recognize  and  distinguish  the 
signs  of  positive  movement,  on  the  one  hand  in  the  middle  of  the  sea 
basins,  and  on  the  other  in  the  littoral  regions.  At  the  same  time  we 
perceive  that  the  dominant  positive  movement  was  not  local,  but  extended 
as  far  as  it  is  possible  to  pursue  our  investigations.  Neither  was  it  a  sudden 
event,  but  oscillatory  and  slow. 

The  presence  of  the  red  shards,  which  reveal  the  influence  of  the 
atmosphere,  and  the  partings  with  fish  and  terrestrial  plants  have  not, 
however,  hitherto  been  observed  except  in  the  Plattenkalk,  We  do  not 
possess  such  evidence  for  all  the  beds,  some  hundreds  in  number,  of  which 
it  is  built  up.  It  is  possible  that  each  bed  corresponds  to  an  emergence 
followed  by  a  marine  recurrence,  but  this  is  by  no  means  certain.  Indeed 
certain  important  facts  are  opposed  to  such  a  supposition ;  as  for  instance 
the  observations  already  made  on  the  splitting  of  coal  seams  (11,  p.  245). 
The  Carboniferous  limestone  beds  are  obviously  formations  of  a  similar 
kind  to  those  of  the  Rhaetic  epoch.  The  Fusulina  of  the  upper  Carboni- 
ferous limestone  of  the  southern  Alps  have  been  drifted  together  into  beds, 
in  precisely  the  same  way  as  the  Qyroporella  of  the  Bax-Alp.  The  paralic 
seams  which  occur  between  the  b^s  of  Fusulina  limestone  in  the  United 
States  occupy  the  position  of  partings,  and  it  is  asserted  of  them  that  they 
unite  togeUier  as  they  proceed  landwards  into  larger,  continuous,  and 
probably  autochthonous  beds.  Observations  of  this  kind  point  far  more 
to  a  periodic  increase  in  the  transport  of  sediment,  than  to  extensive 
displacements  of  the  strand-line.  The  tranquil  deposition  of  the  Qannister 
series,  the  marine  beds  of  no  great  thickness  or  extent  in  which  the  gaping 
bivalve  shells  have  sometimes  been  found  (II,  p.  240),  indicate  on  the 
contrary,  as  it  seems  to  me,  a  transitory  positive  phase. 

Thus  we  are  confronted  by  many  an  unsolved  problem,  and  may  almost 
envy  our  successors  the  discoveries  which  are  reserved  for  them. 

The  importance  of  a  careful  study  of  the  partings  has  at  all  events  been 
rendered  clear.  Walcott  sees  in  the  Qalena  limestone  of  Illinois  and 
Wisconsin  the  representative  of  the  Utica  slates,  which  were  deposited  in 
the  east  and  north  of  the  Silurian  region  of  the  United  States;  the  transition 
is  accomplished  by  the  multiplication  of  the  shaly  partings  in  the  lime- 
stone ^.  The  Devonian  limestone  Oqj^  of  Prague  is  divided  into  numerous 
regular  beds  by  clayey  partings,  and  KlvafLa  regards  the  superimposed 
Tentaculite  shales  Og^  as  merely  the  continuation  of  the  partings  of  Og^^ '. 

^  C.  D.  Walcott,  The  Utica  Slates  and  related  Formations ;  Trans.  Albany  Instit.,  1879, 
X,  38  pp.,  pi. 

*  J.  Klvana,  Ueber  die  Silur-Schichien  der  beiden  Moldau-Ufer,  sildlicb  von  Prag; 
Verb.  k.  k.  geol.  Reicbs.,  1888,  pp.  87-43.    F.  Eatzer  has  sabsequently  examined  tbese 
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It  thus  becomes  easy  to  understand  why  Drasche,  in  view  of  the  prevailing 
theories  on  coral  reefs,  was  astonished  to  find  the  coralliferous  limestone  of 
Luzon,  which  extends  up  to  considerable  heights,  divided  into  regular  beds, 
and  it  is  not  to  be  wondered  at  that  he  should  even  put  the  question  whether 
this  apparent  stratification,  which  also  occurs  in  reefs  rising  but  a  few  feet 
out  of  the  sea,  might  not  result  from  a  periodic  intermittence  of  the  coral 
growth  ^. 

The  Megalodus  limestone  and  the  Rhaetic  series  are  not  known  outside 
the  European  area,  except  in  the  Him&laya  and  the  outer  chains  of  the 
Hindu  Eush,  in  particuleur  at  mount  Sirban,  near  Abbotabad.  In  addition,  an 
isolated  Rhaetic  fossil  was  found  among  the  specimens  brought  home  by 
Payer  from  east  Greenland.  With  the  exception  of  the  last-named  locality 
the  marine  beds  of  the  Rhaetic  did  not  extend  beyond  that  region  which 
we  will  term,  with  Neumayr,  the  Central  Mediterranean,  or  beyond  that 
extension  of  it  towards  the  south-west  of  Europe,  which  had  already  come 
into  existence  as  early  as  the  Trias. ' 

Plant-bearing  beds  of  Rhaetic  age,  on  the  other  hand,  are  known  in 
many  places;  e. g.  in  Siberia,  Turkestan,  Tongking,  Australia,  in  the 
Qondw&na  and  Karoo  series,  in  the  Argentine  Republic,  and  in  the  eastern 
part  of  the  United  States. 

In  the  coast  region  of  the  Pacific,  again,  no  marine  Rhaetic  deposits  so  &r 
as  I  am  aware  have  yet  been  observed. 

Indeed  we  have  no  knowledge  at  present  of  the  occurrence  anywhere 
of  a  rich  marine  fauna  of  this  period.  The  Rhaetic  beds  with  which  we  are 
acquainted  contain  a  fauna  of  a  somewhat  restricted  character.  All  those 
various  groups  of  cephalopods  which  occur  in  the  Trias  and  reappear  in 
the  Lias  should  also  be  found  in  the  Rhaetic,  but  strange  to  say  they  are 
not,  and  we  know  not  where  to  search  for  them.  When,  at  last,  in  the 
uppermost  part  of  the  series  a  cephalopod  does  make  its  appearance,  it  is 
the  singular  genus  Choristiceras. 

3.  Progress  of  the  positive  tnovement  in  the  Jurassic  period.  We  have 
ascended  step  by  step  from  the  beds  of  the  Plattenkalk  through  the 
Rhaetic  oscillations,  until  we  have  reached  a  state  of  things  in  which  open 
sea  occupied  the  place  of  the  eastern  Alps,  and  the  strand  was  gradually 
moving  outwards  till  it  reached  Scania  and  the  north-east  of  Scotland. 

Now,  we  propose  to  follow  the  further  oscillations  of  the  Lias  and  the 
later  stages  of  the  Jurassic  system.  Neumayr,  bringing  to  his  assistance 
all  the  recorded  observations  at  his  disposal,  has  attempted  to  follow  over 

rocks,  and  owing  to  the  absence  of  Tentaculites  in  these  intermediate  beds  has  not 
confirmed  this  opinion,  but  the  results  coincide  as  regards  the  fact  that  the  clay  appears 
in  repeated  interruptions;  F.  Katzer,  Ueber  schieferige  Einlagen  in  den  Ealken  der 
Barrande*8chen  Etage  Gg^^  Sitzber.  k.  b0hm.  6es.  Wiss.,  1886,  pp.  466-472. 

^  R.  von  Drasche,  Luzon,  pp.  89  and  48.    The  same  occurs  on  Cebii ;  Abella,  Isla  de 
Cebu,  p.  127. 
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the  whole  face  of  the  earth  the  geographical  cbasngea  which  marked  ftil 
period.  The  unexpected  result  of  this  laborious  investigation  was  to  dml 
that  to  the  Lias  a  very  limited  distribution  appertains,  while  the  ippnii- 
ing  close  of  the  middle  Jurassic  is  marked  by  a  iransigTeBsiQn  of  snipicii 
interest  and  extent  \ 

It  is  clear,  to  begin  with,  that  the  oscillations  persisted  into  ihelial 
Here  the  two  regions  in  proximity  to  the  ancient  coast,  i«  e.  Sootlood  d| 
Scania,  again  furnish  important  evidence. 

In  England,  the  further  we  advance  towards   the    north,  the  noil 
frequent  become  the  intercalations  of  detrital  and  plant-bearing  sediaol 
in   the    Lias    and   other   members   of   the    Jurassic    system,  and  % 
attain  their  greatest  development  in  the  isolated  fra^rments  whidi  b 
preserved  in  Scotland,  partly  by  faulting  down,  and  partly  by  protectn 
beneath  basaltic  sheets.    Rightly  to  interpret  these  downthrown  remnui^ 
we  must  here,  as  in  the  Rhine  valley,  first  admit  that  these  now  iBoW 
patches  are  the  remains  of  a  once  continuous  mantle,  which  extended  Uj^ 
over  the  whole  of  Scotland  and  its  ancient  horsts.     Judd  had  abn^ 
adopted  this  view,  as  early  as  1878,  and  was  thus  led  by  the  same  paths 
Benecke  in  his  study  of  Alsace,  to  a  correct  interpretation  of  the  facta  ^ 

In  the  west  of  Scotland,  as  in  the  isle  of  Skye,  for  example,  the  lias  a 
still  complete,  but  the  argillaceous  partings  of  the  limestone  beds  Itsn 
become  much  thicker.  To  the  north-east,  in  Sutherland,  it  is  so  no  longeri 
detrital,  plant-bearing  beds  have  taken  the  place  of  the  lower  snbdiviaiaDi; 
and  only  the  upper  part  of  the  lower  lias  and  the  base  of  the  middle  Lbi 
are  represented  by  marine  beds.  It  would  seem,  thereforOp  that  it  is  then 
two  latter  horizons  which  attained  the  widest  distribution  in  Eoxxipe. 

The  case  is  the  same  in  Scania;  littoral  beds  of  Rhaetic  age  are  followad 
by  a  series  containing  shells,  which  is  only  slightly  littoral  in  nh^-ra^nr, 
and  these  are  the  sole  representatives  of  the  basal  part  of  the  lias:  the 
purely  marine  beds  make  their  appearance  on  the  same  horizon  as  in 
Sutherland  \ 

^  M.  Neumajr,  Die  geographische  Yerbreitung  der  Juraformation ;  DenkBchr.k.Akid. 
WiB8.  Wien,  1885,  L,  pp.  57-142,  maps. 

*  J.  W.  Judd,  The  Secondary  Rocks  of  Scotland,  Quart  Jonm.  GeoL  Soc.*  1873,  XXIX, 
pp.  97-197,  and  1878,  XXXIY,  pp.  660-741,  maps;  for  the  west,  alao  J.  Bijce,  On  the 
Jurassic  Rocks  of  Skye  and  Raasay,  op.  cit,  1873,  XXIX,  pp.  817-851. 

'  6.  Lundgren,  Undersdkningar  6fveT  MoUuskfaunan  i  Sveriget  ftldre  Meiosoiika 
Bildningar ;  Lunds  Univ.  Arsskrift,  XVII,  4to,  Lund,  1881.  The  same  horisona  whiA 
have  the  widest  extension  in  Scotland  and  Scania  also  seem  to  be  encoontered  in  the 
Alps  as  the  material  filling  fissures  in  the  Flattenkalk.  Ox^fnoHcercu  oxynoiut  ii  of 
frequent  occurrence  in  north  Scotland ;  cf.  Gejer,  Ueber  die  liaaischett  Cephalopodea 
des  Hierlatz  bei  Hallstatt,  Abh.  k.  k.  geol.  Reichs.,  XII,  No.  4, 1886,  p.  218  et  aeq. :  faj 
the  same,  Ueber  die  Lagerungsverh&ltnisse  der  Hierlatzschichten,  Jahrb.  k.  k.  geoL 
Reichs.,  XXXVI,  1886,  pp.  216-294 ;  F.  Wahner,  Zur  heteropischen  Diffexennmng  det 
alpinen  Lias,  tom.  cit,  passim.  The  fissures  described  by  Wright  in  the  iouth-eaft  of 
England  are  of  different  age,  as  are  the  Tertiary  fissures  m,  m,  Fig.  84, 1,  p.  257. 
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We  now  enter  the  middle  Jurassic  In  Franeonia  and  Swabia,  the 
marine  sediments  follow  one  another,  bed  after  bed,  in  undisturbed  succes- 
sion. This  region  was  not  subjected  to  negative  recurrences.  Indications 
of  these  are  more  evident  in  the  north  of  France.  Hubert  commenced  to 
trace  them  out  in  detail  as  early  as  1857,  and  he  then  recognized  that  the 
Lias  on  the  Sarthe  is  incomplete,  and  that  at  various  horizons  in  the 
Jurassic  hard  beds  present  themselves  with  a  water-worn,  and  indeed 
polished,  surface  perforated  by  boring  shells,  and  he  came  to  the  conclusion 
that  the  Jurassic  sea  had  enlarged  its  bounds  by  oscillatory  movements  up 
to  the  epoch  of  the  Eelloway  stage  K  In  Normandy,  which  I  visited  in 
1856  under  the  friendly  guidance  of  MM.  Deslongchamps,  the  facts 
have  been  very  exactly  described  by  Eugene  Deslongchamps.  The  Lias  is 
incomplete,  and  its  lower  zones,  speaking  generally,  appear  to  have  been 
deposited  in  the  north  of  the  country  only.  Within  the  middle  Jurassic, 
however,  we  may  observe  at  various  levels  beds  with  a  worn  and  perforated 
surface,  known  in  the  locality  as  'chiens,'  which  indicate  a  temporary 
withdrawal  of  the  sea.  As  early  as  1864  Eugene  Deslongchamps  was  led 
to  conclude  that  during  the  Lias  the  sea  in  this  region  gradually  extended 
its  limits,  and  then,  as  the  period  approached  its  close,  withdrew  to  a  great 
distance;  after  this  shallow  water  supervened,  then  another  regression 
(Trigonia  Tiavia),  followed  by  a  fresh  extension  {Harpoceras  Murchiaonae). 
Above  the'  beds  of  the  inferior  Oolite  a  worn  surface,  drilled  by  Lithodomus, 
makes  its  appearance,  and  with  this  a  new  positive  movement  is  indicated, 
which  continued,  advancing  by  slow  degrees,  up  to  the  great  Callovian 
submergence  (Stephanoceraa  macrocephalv/m)  \ 

The  Jurassic  deposits  are  continued  across  the  Channel  to  Dorsetshire. 
The  marine  series  in  England  is  at  first  fairly  complete,  but  towards  the 
north  there  appear,  as  we  have  already  seen,  intercalated  beds  of  detrital 
material,  and  these  continually  increase  in  thickness  as  they  approach  the 
mouth  of  some  river  in  the  north.  In  Lincolnshire  the  influence  of  this 
river  has  extended  so  far  that  one  of  the  intercalations  is  to  be  seen  filling 
up  channels  of  erosion  in  the  underlying  bed.  In  Yorkshire  the  thickness 
of  the  detrital  sediments  has  enormously  increased,  and  a  considerable  part 
of  the  marine  middle  Jurassic  has  been  already  replaced  by  them.  Ramsay 
describes  eight  small  seams  of  coal,  each  with  an  underclay,  into  which  it 

^  Hubert  assumed  then  that  a  retreat  of  the  sea  occurred  after  the  Eelloway,  i  e. 
a  negative  movement,  but  this  view  was  probably  based  on  the  appearance  of  the  beds 
which  dovetail  (?)  into  one  another,  and  owing  to  the  general  denudation  of  the  country 
form  concentric  zones ;  this  arrangement  was  formerly  regarded  as  an  indication  of  the 
diminished  extension  of  the  sea ;  £.  Hubert,  Les  Mers  anciennes  et  leurs  rivages  dans  le 
bassin  de  Paris,  8vo,  Paris,  1857.  The  grey  limestones  of  Venice  were  observed  on  the 
Sarthe ;  G.  Boehm,  Zeitechr.  deutsch.  geol.  Ges.,  1887,  XXXIX,  pp.  205-211. 

3  E.  Eudes-Deslongchamps,  £tudes  sur  les  stages  jurassiques  inf^rieurs  de  la  Nor- 
mandie ;  M^m.  Soc.  Linn.  Norm.,  1865,  XIV,  pp.  1-296,  in  particular  p.  279  et  seq. 
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is  said  to  send  roots ;  these  are  interbedded  in  the  plant-bearing  ana  tl  I 
the  horizon  of  the  Inferior  Oolite.  Finally,  in  the  west  of  Scotland  hi  j 
whole  series  of  the  lower  Oolites  is  resolved  into  a  series  of  npeak^l  \ 
alternating  fluviatile  and  littoral  beds,  and  it  is  not  until  the  Qxfoidii 
stage  is  reached  that  a  marine  deposit  makes  its  appearance.  In  Sall»|  I 
land  the  marine  development  begins  again  with  the  Kelloway  \ 

Let  us  now  turn  our  attention  to  the  south. 

The  deep  borings  made  from  time  to  time  in  London  and  its  nei|^k» 
hood  have  shown  that  in  this  locality  the  lias  and  Inferior  Ooliie  n 
absent;  the  beds  immediately  superposed  on  the  Palaeosoic  fonna&s 
begin  with  the  Bath  Oolite,  which  is  followed  by  the  Kelloway  and  fli 
other  marine  stages  of  the  upper  Jurassic.  It  is  precisely  the  same  itt 
the  series  superimposed  on  the  Devonian  reef  at  Marquise,  near  Bookgi^ 
which  also  begins  with  the  Bath  Oolite  (II,  p.  92). 

Scania  tells  us  nothing  relevant ;  since  the  beds  above  the  middle  Ik 
have  been  removed  by  denudation,  some  loose  fragments  of  the  Kelloiif 
have  however  been  found. 

The  scanty  exposures  of  Jurassic  which  present  themselves  beneath  tk 
Quaternary  deposits  along  the  north  coast  of  Germany  reveal  the  preaeoBi 
of  Lias ;  and  it  has  been  reached  by  borings  near  Camznin.  Still  fozihc 
east  only  higher  beds  are  known,  and  in  the  boring  at  Poimallai  urn 
Memel  the  Kelloway  beds  were  met  with  95  meters  beneath  the  suxfu^ 
resting  on  red  sandstone,  which  belongs  probably  to  the  Trias*.  EVoa 
here  the  Kelloway  extends  towards  Popilany,  on  the  Windau  in  lithium 

Thus  the  traces  of  a  positive  movement  are  manifest  in  the  north  d 
Scotland,  beneath  London,  near  Boulogne,  and  in  the  Baltic  provineeB; 
and  we  recognize  a  transgression  beginning  sometimes  "with  the  Oolitak 
sometimes  with  the  Kelloway,  and  sometimes  again  with  the  Oxford  stagt^ 
but  in  every  case  the  Lias  and  Inferior  Oolite  are  missing. 

We  will  return  now  to  Franconia. 

The  Trias  deposits,  as  we  trace  them  to  the  south,  disappear  on  the 
western  border  of  the  Bohemian  masa  The  Lias  is  visible  as  far  as 
Regensburg.  As  soon  as  we  have  passed  the  point  where  the  Danube 
fault  approaches  the  border  of  the  ancient  mass,  that  is,  in  the  region  of 
the  marginal  fracture  which  runs  from  Regensburg  to  Fassau,  the  Jorassie 
series  reappears,  beginning  with  the  lower  stages  of  the  Oolites.  Beyond 
Passau  every  trace  of  the  Jurassic  has  vanished,  and  it  is  not  till  we  reach 
the   far-distant  locality  of  Olmiitz,  north   of  Briinn,  that  we   discover 

>  J.  W.  Judd,  The  Geology  of  Rutland,  Mem.  Geol.  Surv.  England  and  Wales.  Sfo, 
1875,  p.  33  et  seq. ;  A.  C.  Ramsay,  The  Physical  Geology  and  Geography  of  Great  Bzitaiiiv 
5th  ed.,  8vo,  1878,  p.  194. 

'  C.  Grewingk,  Das  Bohrloch  von  Purmallen  bei  Memel ;  Sitzber.  nai.  QeselL  Doipat. 
105.  Sitzung,  8vo,  1878. 
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lying  upon  the  Devonian  a  patch  of  Jurassic,  the  lowermost  beds  of  which, 
according  to  Neumayr  and  Uhlig,  correspond  to  the  upper  Bathonian  and 
the  Kelloway  ^. 

Again  for  a  great  distance  every  trace  of  Jurassic  is  absent  from  the 
border  of  the  ancient  mass,  and  it  does  not  reappear  until  we  reach  the 
neighbourhood  of  Cracow.  Here  and  in  the  adjacent  parts  of  Poland 
the  stratigraphical  relations  are  very  remarkable.  The  Trias  is  present ;  the 
Rhaetic  series  is  represented  in  one  locality  by  plant-bearing  beds;  the 
Lias  is  missing;  sandstones  and  clays  occur  containing  marine  fossils  of 
the  lower  stages  of  tha  Oolites.  At  Bcdin,  west  of  Cracow,  the  faunas  of  the 
Bath  Oolite  and  Kelloway  are  richly  represented,  but  it  is  the  Kelloway 
stage  alone  which  is  continued  towards  the  east  together  with  the  upper 
series  of  the  Jurassic. 

Next,  let  us  enter  Russia,  and  take  for  our  guidance  the  works  of 
Nikitin  «. 

The  transgression  begins  in  Poland  with  the  lower  Kelloway;  this 
stage  is  found  in  the  government  of  Kiev;  in  Ekaterinoslav,  Kursk,  and 
Orel,  the  Kelloway  has  not  yet  been  subdivided ;  the  lower  Kelloway  also 
occurs  at  Elatma  in  the  government  of  Tambov,  in  Riazan,  in  the  north- 
west of  Simbirsk,  and  in  parts  of  Nishni  Novgorod ;  it  runs  through  the 
east  of  Kostroma  into  the  basins  of  the  Vytchegda  and  the  Petchora,  and 
thus  reaches  the  Arctic  Ocean.  At  the  same  time  it  extends  through  the 
east  and  south-east  from  Samara  to  Orenburg. 

Contemplating  this  long  and  comparatively  narrow  zone  of  lower  Kelloway 
we  are  led  to  conclude  that  the  sea  must  have  entered  the  eroded  basin  of 
a  great  river.  The  extension  of  the  Jurassic  sea  did  not  cease  with  this 
stage,  however ;  the  middle  Kelloway  extends  still  further,  and  enters  the 
governments  of  Moscow,  Tver,  and  Yaroslav.  To  the  west  of  Kostroma  the 
series  begins  with  the  upper  Kelloway  or  the  lower  Oxfordian'.  At 
Kharkov  the  marine  series,  resting  on  plant-bearing  beds,  does  not  begin 
before  the  lower  Oxfordian. 

We  will  now  leave  Europe,  to  examine  the  far-distant  and  isolated 
patches  of  Jurassic  which  are  presented  by  the  table-lands  of  Africa  and 
India. 

^  y.  Uhlig,  Die  Jurabildungen  in  der  Umgebung  von  Brtinn;  Beitr.  pal.  (leol. 
Oe8t.-Ung.,  edited  by  E.  v.  Mojsisovics  and  M.  Neumayr,  4io,  1882, 1,  p.  130.  These  are 
the  *  beds  of  Zeitlam '  of  the  neighbourhood  of  Ortenburg,  at  the  same  time  the  equivalents 
of  the  beds  of  Balin  near  Cracow. 

^  S.  Nikitin,  Ueber  die  Beziehungen  zwischen  der  russischen  und  der  westeuropftischen 
Juraformation,  Neues  Jahrb.  Min.,  1886,  II,  pp.  205-245 ;  Neumayr,  op.  cit.,  1887,  I, 
pp.  70-88. 

^  S.  Nikitin,  Die  Cephalopodenfauna  der  Jurabildungen  des  Gouvemements  EoBtroma, 
Verh.  ruB8.-k.  min.  Ges.  St.  Petersburg,  1884,  p.  74 ;  and  AUgemeine  geologische  Earte 
von  Rusflland,  Blatt  71,  Mem.  Com.  g^ol.  Russie,  II,  No.  1,  1885,  p.  200. 
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At  the  south  foot  of  the  Great  Hermon,  near  Hedjel-eeh-ShemSy  in 
Syria,  the  Jurassic  system  is  limited  to  a  very  restricted  area.  The  lowest 
visible  member  corresponds,  according  to  Noetling,  with  the  lower  Ox- 
fordian  \ 

The  nearest  locality  at  which  the  Jurassic  is  next  known  to  crop  out 
from  beneath  the  great  mantle  of  Cretaceous  limestone  is  Antalo,  in  the 
north-east  of  Abyssinia  (I,  p.  368).  Aubry,  who  has  somewhat  recently 
travelled  through  the  region  in  which  the  Blue  Nile  takes  its  rise,  has 
furnished  us  with  a  detailed  description  of  the  geology.  The  sheet  of 
Cretaceous  limestone  which  covers  the  north-east  of  the  Sahara  does  not 
extend  into  Abyssinia.  It  doubtless  comes  to  an  end  near  Khartoum,  and 
the  Archaean  foundation  is  exposed  throughout  the  Soudan,  and  according 
to  Schweinfurth  as  far  as  the  land  of  Niam-Niam.  On  the  coast  region  it 
is  visible  as  far  as  Massowah.  This  Archaean  region  is  crowned  by  the 
high  plateau  of  Abyssinia,  consisting  like  the  Sahara  of  flat-lying  beds,  bat 
with  a  different  stratified  succession.  The  lowest  member  of  the  series  is 
the  thick  sandstone  of  Adigrat,  which  extends  in  an  arc  from  the  foot  of 
the  table-land,  probably  starting  from  Adigrat  and  entering  the  interior  as 
far  as  the  sources  of  the  Blue  Nile.  It  is  white  or  sometimes  bluish,  and  is 
overlain  by  a  yellowish  crystalline  limestone,  which  contains  little  bivalve 
shells  and  intercalated  gypsum  and  dolomite.  This  is  succeeded  by  the 
Antalo  limestone^  of  Jurassic  age,  with  marine  fossils;  Blandford  dis- 
covered it  at  Antalo ;  it  is  visible  again  on  the  slopes  of  the  valley  of  the 
upper  course  of  the  Blue  Nile,  and  probably  also  in  the  valley  of  the 
Guibi^  in  Kaffa.  Above  this  rest  beds  of  sandstone  and  gypsum,  not  so 
thick  as  the  preceding,  and  the  summit  of  the  table-land,  2500  to  2800 
meters  above  the  sea,  is  formed  of  vast  outflows  of  lava  ^. 

It  is  to  this  mantle  of  volcanic  rocks  that  we  are  indebted  in  all 
probability  for  the  preservation  of  the  Jurassic  succession  in  Abyssinia, 
represented  in  patches  which  are  probably  the  remnants  of  once  very  ex- 
tensive beds,  and  still  even  at  the  present  day  prolonged  fairly  far  to  the 
south.  The  marine  series,  according  to  the  comparative  studies  of  Douville, 
again  begins  with  the  Bathonian  stage,  and  probably  extends  into  the 
upper  Jurassic  as  far  as  the  horizon  of  the  Kimmeridge. 

To  the  southern  extension  of  the  Abyssinian  series  we  may  perhaps 
refer  the  exposures  of  upper  Jurassic  made  known  by  Fraas  and  Beyrich 
at  Mombassa  on  the  coast  of  Suaheli  (I,  p.  400). 

Another  patch  of  flat-bedded  marine  Jurassic  occurs  at  Cutch  in  India, 
there  also  partly  protected  by  a  more  recent  mantle  of  lava.     It  is  con- 

^  Diener,  Libanon,  p.  25  ;  F.  Noetlin^,  Der  Jura  am  Hermon,  4to,  Stuttgart,  1887. 

'  Aubrj,  Observations  gc^ologiques  sur  les  pays  Danakils,  Somalis,  le  rojaume  da  Choa 
et  les  Pays  Gallas,  Bull.  Soc.  geol.  de  Fr.,  1886,  3«  ser.,  XIV,  pp.  201-222,  geol.  map ; 
H.  Douville,  Examen  des  fossiles  rapportes  du  Choa  par  M.  Aubry,  torn,  cit.,  pp.  223-241. 
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tinned  in  a  series  of  outliers  far  to  the  north-north-east  in  the  plain  of 
Hajputana  (I,  p.  414).  Waagen's  investigations  show  that  the  lowest 
member  of  this  marine  series,  the  Putchum  group,  also  corresponds  to  the 
Bath  Oolite ;  Douvill^  has  pointed  out  the  resemblance  of  the  Antalo  lime- 
stone of  Abyssinia  to  this  group.  Above  it  comes  the  Eelloway  stage  with 
StephaTioceras  macrocephalv/mf  and  then  a  further  series  of  marine  stages 
presenting  a  most  remarkable  correspondence  with  the  upper  Jurassic  of 
Europe.  *  They  are  probably  continued  into  the  Salt  range  ^. 

It  is  unnecessary  to  repeat  what  has  already  been  said  above  regarding 
the  less  exactly  known  beds,  probably  of  middle  Jurassic  age,  which  occur 
in  Madagascar  and  on  the  east  coast  of  India;  I  will  only  recall  the  fact 
that  in  West  Australia  the  lowest  marine  deposits  so  far  known  also  belong 
to  the  middle  Jurassic  (II,  p.  189). 


Golgi^ 


AbaY  or  the  Blue  Nile. 


Fio.  28.     T?ie  vcdUy  of  the  Blue  Nile  (after  Aubry). 

I.  Voleame  rocks,  800  meters  thick  ;  a.  Yellowish  crystalline  limestone  with  Trigonia,  100 
meters ;  3.  Orey  marly  limestone  with  Modiola  aspera,  Terebratula,  Ceromya,  400  meters ; 
4.  Yellowish  crystalline  limestones,  with  layers  of  dolomite,  gypsum,  and  small  bivalve  shells, 
200  meters;  5.  Wliite  and  blue  sandstone,  sometimes  micaceous,  with  intercalations  of 
green  and  variegated  clay,  500  meters. 

The  results  of  our  inquiry  may  be  summarized  as  follows : — 
At  the  beginning  of  the  Rhaetic  period  the  sea,  in  the  region  we  have 
had  under  consideration,  occupied  a  narrow  area  confined  to  a  part  of  the 
Alps  and  the  great  ranges  of  Asia.  Its  level  rose  in  Europe  by  a  series  of 
oscillations ;  its  waters  extended  finally  over  a  great  part  of  central  Europe. 
The  oscillations  persisted  throughout  the  Lias  ;  at  the  opening  days  of  the 
Idas  the  domain  of  the  sea  was  diminished,  it  was  then  enlarged  and  again 
reduced.  It  gained  nothing  in  the  lower  stages  of  the  middle  Jurassic ; 
but,  with  the  advent  of  the  Bathonian,  which  no  doubt  is  not  over  sharply 
separated  by  its  fauna  from  the  Kelloway  stage,  the  strand-line  rose  far 
and  wide.  The  Bathonian  lies  on  the  downthrowh  Armorican  arc  beneath 
the  soil  of  London,  and  on  the  Devonian  at  Boulogne ;  with  it  commences 
the  great  transgression  over  Abyssinia  and  the  north-west  of  India.  The 
boundary  of  the  sea  enlarged  still  further  during  the  deposition  of  the 

*  W.  Waagen,  Jurassic  Fauna  of  Kutch  :  I.  The  Cephalopoda ;  Mem.  Geol.  Surv.  India, 
ser.  IX,  1,  1873,  p.  225. 
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Eelloway ;  in  the  extreme  north  of  Scotland  this  lies  on  the  fluviat 
bearing  beds  of  Sutherland,  it  extends  oyer  the  lower  Jurassic  s 
Pomerania,  proceeding  towards  Memel  and  as  far  as  Lithuania ;  and  ¥ 
Lias  of  Franconia  already  comes  to  an  end  at  Regensburg  and  the  othc 
of  the  middle  Jurassic  disappear  in  their  turn,  the  sea  of  the  lower  K 
stage  extended  from  Poland  past  Kiev,  forming  a  long  belt  on  the 
side  of  the  Ural  and  so  reached  the  Arctic  Ocean ;  at  the  same  time, 
Orenburg,  it  encroached  on  the  eastern  side  of  that  chain.  At  th 
the  Jurassic  sea  extended  from  the  Petchora  on  the  one  hand  to  Sut 
on  the  other,  to  Abyssinia  and  Cutch,  and  much  further  still  to  th 
and  south-east.  Withal  the  transgressive  beds  have  preserved 
zontality  as  undisturbed  on  the  banks  of  the  Petchora  as  on  the  Bli 
and  Stephanoceras  macrocephalum  maintains  its  horizon  in  the  E 
from  Brora  in  Sutherland  to  Cutch  in  India. 

This  extraordinary  extension  did  not,  however,  mark  the  cuir 
of  the  positive  movement ;  the  coasts  became  increasingly  remote,  t 
renders  the  determination  of  the  new  transgressions  more  and  m( 
cult.  The  succeeding  stages  occupy,  as  far  as  can  be  seen,  not  < 
whole  region  covered  by  the  Bathonian  and  Eelloway,  but  in  Eur 
even  extend  beyond  it. 

Near  Olmlitz  the  Eelloway  stage  and  lower  Oxfordian  reac 
summits  of  the  Devonian  zone  of  the  Sudetes ;  the  upper  Oxf on 
the  lower  Eimmeridgian  ascended  over  the  summit  of  the  Bohem 
and  advanced  across  it  into  Saxony.  Some  slight  remains  of  the 
gressive  deposits  are  now  to  be  seen  pinched  in  by  the  reversed  f ai 
borders  the  southern  edge  of  the  Riesengebirge  and  the  Iserge 
p.  212). 

In  like  manner,  during  the  Eimmeridge  epoch  the  sea  cove 
southern  part  of  the  Russian  Platform  which  is  cut  through  by  t 
Dniestr  (I,  p.  181)  in  eastern  Galicia,  and  extended  over  the  Devc 
sandstone  at  the  same  time  ;  it  also  reached  the  Dobrudja  and  dep< 
horizontal  limestone  beds  of  the  Eimmeridge  on  the  upturn 
schists  of  the  mountain  fragments  of  Matchin,  Hirsova,  and  Ch 
extending  as  far  as  the  Black  sea;  the  limestone  beds  in  all  pi 
proceed  still  further  beneath  the  Bulgarian  plain  (I,  p.  475). 

The  investigations  of  Russian  geologists  lend  support  to  the  c 
that  in  this  case  also  the  transgression  of  the  lower  Eelloway 
mark  the  highest  level  attained  by  the  strand.  We  have  aire 
tioned  the  later  transgressions  which  seem  to  have  occurred  d 
upper  Eelloway  and  the  Oxfordian.  Whether  the  Eimmeri* 
covered  great  surfaces  in  Russia  as  it  did  in  Galicia  and  on 
Danube,  extending  beyond  the  limits  of  the  Oxfordian,  is  ho> 
known.    This  stage,  as  we  shall  see  directly,  marks  the  last  recog 
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emergence  known  to  have  occurred  before  a  great  change  of  conditions  set 
in,  and  it  may  therefore  have  been  exposed  to  denudation  in  a  still  higher 
d^ree  than  the  other  stages.  Pavlow,  who  has  rendered  such  admirable 
service  by  his  studies  of  the  Eimmeridge  in  Russia,  describes  its  occurrence 
at  several  localities  in  Simbirsk,  as  well  as  in  the  neighbourhood  of  Oren- 
burg ;  it  also  occurs  according  to  Gourow  on  the  shores  of  the  Donetz,  and 
according  to  Levisson-Lessing  at  Nishni  Novgorod.  The  fauna  presents 
precisely  the  same  characters  as  in  the  contemporaneous  deposits  of  western 
Europe ;  Exogyra  virgula,  the  little  oyster  so  abundant  in  the  Jura  as  to 
have  led  to  the  creation  of  an  independent  sub-group,  the  '  Virgulian/  and 
well  known  also  in  the  Eimmeridge  of  Spain,  England,  the  whole  of  the 
north  of  France  and  Hanover,  as  well  as  in  the  platy  limestones  of  Ulm, 
now  likewise  appears  in  Poland  and  in  the  south-east  of  Russia  in  com- 
pany with  many  other  characteristic  species  of  the  Kimmeridge  fauna  of 
western  Europe  ^ 

With  the  close  of  the  Eimmeridge  a  complete  change  of  conditions  set 
in  and  affected  the  whole  of  Europe.  Everywhere  the  sea  receded.  In 
Russia  a  new  marine  fauna,  alien  to  the  west  of  Europe,  made  its  appear- 
ance, advancing  from  the  north ;  it  marks  the  Volga  stage.  In  India  the 
case  is  similar.  Above  the  Eatrol  sandstone,  which  corresponds  to  the 
European  Eimmeridge,  plant-bearing  beds  occur;  then  species  of  a  non- 
European  fauna  present  themselves,  proceeding  out  of  the  south  ;  this  is  the 
buna  of  the  Uitenhage  series  of  southern  Africa. 

We  will  now  briefly  review,  so  far  as  the  evidence,  in  many  respects 
very  incomplete,  permits,  the  emergence  of  a  part  of  central  Europe,  and 
then  the  fresh  transgressions,  first  coming  from  the  north,  and  then  finally 
from  the  south. 

4.  Negative  phase  arid  the  beginning  of  the  Cretaceous  perioiL  The 
extent  and  thickness  of  the  fresh-water  deposits  which  occur  in  Europe 
at  the  limit  of  the  Jurassic  and  Cretaceous  systems  are  too  great  not  to 
have  given  rise  to  frequent  discussions  of  a  general  nature.  In  1872, 
R.  Godwin- Austen,  in  giving  a  general  a>ccount  of  these  beds,  offered  some 
very  suggestive  remarks,  which  strongly  recall  those  ideas  on  the  succession 
of  sediments  in  cycles  to  which  we  have  made  frequent  reference.  He 
believed  that  we  could  recognize  in  the  northern  hemisphere  a  recurrence 
of  the  same  physical  conditions  after  extremely  long  intervals  of  time. 
The  marine  series  is  again  and  again  interrupted,  over  large  areas,  by 
continental  deposits,  like  the  Old  Red  sandstone  for  instance,  the  Coal- 
measures  of  the  Carboniferous  system,  and  the  fresh-water  deposits  of  the 
Weald. 

^  A  Paylow,  Note  sur  rhistoire  de  la  &une  KimmeridgieDne  dc  la  RuBsie,  Univ.  dc 
Moscoii,  8yo,  1886,  16  pp. ;  by  the  same,  Les  AmmoDites  de  la  zone  a  AsindoceraB 
acanthicum  de  Testde  la  Russie,  M^m.  Com.  geol.  Russie,  II,  No.  3, 1886. 


278  MESOZOIC  SEA8 

In  support  of  his  views  Godwin-Austen  appealed  to  seven 
Wealden  areaa    A  great  lake  covered  the  south-east  of  England,  e 
over  Kent,  Sussex,  and  Hants ;  it  was  continued  across  the  Cha 
the  Boulonnais,  and  has  left  its  traces  in  Oxfordshire  and  the  isle  < 
Godwin- Austen  gave  as  the  minimum  size  of  this  lake  a  lengt 
kilometers  taken  from  Portland  to  beyond  Aylesbury,  and  a  bi 
320  kilometers  from  Portland  to  the  Boulonnais.  Taking  into  accc 
small  patches  of  Wealden  in  the  anticlinal  of  the  Pays  de  Bray, ' 
for  the  line  from  Wiltshire  to  beyond  Beauvais  a  length  of  400  k 
Other  traces  of  the  deposit  have  also  been  foimd  in  the  depart 
the  Aube  and  the  Jura.     In  the  Charentes  another  lake  exisi 
as  large  as  lake  Ladoga.     A  third  in  north  Germany,  about  190  I 
in  length,  reached   from   Ibbenbiihren   through   Osnabnick  to 
and  beyond.     Finally,  certain  isolated  patches  of  plant-bearing  I 
on  the  Belgian  coal-field  are  also  assigned  to  the  Wealden  ser 

Subsequent  observations  have  brought  to  light  many  new 
with  their  aid  I  will  now  attempt  to  trace  in  broad  outline  t 
of  events  in  western  Europe. 

The  sea  reigned  over  the  whole  region  of  the  Alps  and  the  Ci 
during  this  period  ^  Deposits  representing  the  Weald  are  knowi 
and  Portugal,  and  we  must  not  omit  to  take  them  into  account 
will  consider  first  the  regions  best  known ;  these  extend  from  1 
east  of  England  to  the  Jura  mountains,  and  from  the  west  coast 
to  the  Harz.  We  shall  depend  for  our  most  important  data 
Meyer,  and  Topley  in  England ;  H.  Credner  and  Struckmann  in 
Pellat,  Loriol,  Cotteau,  Jaccard,  and  Maillard  in  the  east  of  Fran- 
Jura  ;  and  on  Coquand  in  the  west  of  France  '"*. 

*  B.  (Jodwin- Austen,  Address  to  the  Geological  Section  ;  Rep.  Brit.  Asbo 
1872,  pp.  90^96. 

*  The  only  exception  is  perhaps  mont  Salvens,  a  chain  of  foothilltJ  of  t 
Alps,  where  blocks  in  the  lower  Neocomian  and  denudation  of  the  up; 
limestone  beds  may  be  quoted  as  indications  of  an  interruption ;  \ 
Aper9u  g^ologique  sur  les  Alpes  de  Fribourg,  Beitr.  geol.  Karte  Schweiz, 
p.  108  et  seq. 

'  J.  W.  Judd,  On  the  Punfield  Formation,  Quart.  Journ.  Geol.  Soc,  1^ 
pp.  207-227 ;  C.  J.  A.  Meyer,  On  the  Wealden  as  a  flu vio- lacustrine  format 
1872,  XXVIII,  pp.  243-255,  and  op.  cit.,  XXIX,  1873.  pp.  70-76;  W.  ' 
Geology  of  the  Weald,  Mem.  Geol.  Surv.,  1875,  8vo  ;  H.  Credner,  Ueber  die 
der  oberen  Juraformation  und  der  Wealdenbildung  in  N.-W.  Deutschland 
1863,  et  passim  ;  C.  Struckmann,  Die  Wealdenbildungen  der  Umgegend  voi 
Hannover,  1880;  by  the  same,  Ueber  den  Parallelismus  der  hannover'scl 
englischen  oberen  Jurabildungen,  Neues  Jahrb.  Min.,  1881,  pp.  77-102;  b 
Die  Portland-Bildungen  der  Umgegend  von  Hannover,  Zeitschr.  deutsch.  geo 
XXXIX,  pp.  82-67  et  passim ;  P.  de  Loriol  et  £.  Pellat,  Monographie  paleoi 
g^logique  de  I'^tage  portlandien  des  environs  de  Boulogne-sur-Mer,  Men 
hist.  nat.  Geneve,  1866,  XIX,  in  particular  p.  136  et  seq. ;  P.  de  Loriol  et 
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(a)  The  Kvinrneridge  stage  extends  from  Portugal  through  the  whole 
of  the  region  considered  here  as  far  as  Orenburg. 

(6)  In  western  Europe  the  Elimmeridge  is  succeeded  by  another  marine 
member  of  the  Jurassic,  the  Portland  stage.  This  always  lies  conformably 
on  the  Kimmeridge,  but  in  Hanover,  where  its  fauna  is  very  varied, 
74  per  cent,  of  the  lower  Portland  species  are  known  in  the  preceding 
Kimmeridge  beds.  The  limit  between  the  stages  is  by  no  means  well 
defined ;  some  geologists  do  not  admit  its  existence ;  the  course  of  events 
was  therefore  fairly  undisturbed.  In  the  upper  beds  of  the  Portland  the 
connexion  with  the  Kimmeridge  is  less  marked,  and  in  England,  as  in 
Germany  and  the  Jura,  brackish- water  species,  or  such  as  are  less  sensitive 
to  a  change  in  the  composition  of  the  water,  to  a  certain  extent  pre- 
dominate. In  the  Charente,  as  in  England,  Hanover,  and  the  east  of 
France  and  throughout  the  Jura,  the  shells  of  Corbula  infleau  and  Oyrena 
rugosa  cover  in  millions  what  was  once  the  flat  bottom  of  a  shallow  sea, 
apparently  somewhat  less  salt  than  the  Ocean. 

But  on  the  upper  Dniestr  we  again  discover  a  whole  series  of  Portland 
fossils,  including  abundant  examples  of  Corbula  infleooa;  and  the  facts 
elicited  by  Alth  in  his  study  of  this  fauna  forbid  us  to  assume  that 
a  baiTier  separating  eastern  and  western  Europe  was  in  existence  at 
this  time^ 

We  have  now  reached  the  upper  limit  of  the  Portland  represented  by 
the  beds  which  are  known  in  Hanover  as  the  *  Einbeckhauser  Plattenkalk.' 

At  this  point  the  great  change  set  in. 

(c)  The  sea,  which  extended  beyond  the  Volga  at  the  time  of  the 
Kimmeridge,  and  at  least  as  far  as  the  Dniestr  during  the  Portland,  was 
now  so  closely  restricted  that  it  did  not  pass  beyond  the  region  of  the  Alps 
and  Carpathians,  and  indeed  did  not  retain  its  hold  on  the  Jura.  In  the 
territory  it  had  abandoned  lagoons  remained  in  which  clay  and  gypsum^ 
with  here  and  there  rock-salt,  were  deposited. 

In  EIngland  these  gypsiferous  beds,  which  are  always  very  poor  in 
organic  remains,  are  never  exposed  at  the  surface;  but  when  in  1874 

Monographie  paleontologique  et  g^logique  de  Triage  portlandien  du  d^partement  de 
I'Tonne,  Bull.  Soc.  sci.  hist.  nat.  Tonne,  1868,  2*  s^r.,  I,  in  paiticnlar  p.~241  et  seq. ; 
E.  Pellat,  Emersion  du  sud  et  de  Test  da  bassin  parisien  a  la  fin  de  la  p^riode  jurassique, 
etc..  Bull.  Soc.  g^ol.  de  Fr.,  1875-1876,  3*  8^.,  IV,  pp.  364-369 ;  by  the  same,  Le  Terrain 
jurassique  moyen  et  superieur  du  BaB-Boulonnais,  op.  cit.,  1879-1880,  3*  s^r.,  VIII, 
pp.  647-699 ;  Loriol  et  A.  Jaccard,  £tude  g^ologique  et  paleontologique  de  la  formation 
d*eau  douce  infracr^tac^  du  Jura  et  en  particuUer  de  VillerB-le-Lac,  M^m.  Soc.  pbys. 
hist.  nat.  Greneve,  1865,  XVIII ;  G.  Maillard,  Inyert^bres  du  Purbeckien  du  Jura,  M^m. 
Soc.  pal^nt.  Suisse,  1884,  XI,  156  pp.,  map,  supplement  in  1885,  XII;  H.  Coquand, 
Description  physique,  g^ologique,  etc.,  du  d^partement  de  la  Charente,  8vo,  Besan^on, 
1,1858. 

^  A.  von  Alth,  Die  Versteinerungen  des  Nizniower  Ealksteins ;  Beitr.  pal&ont.  Geol. 
Oesterr.-Ung.,  edited  by  Mojsisovics  and  Neumayr,  1882, 1,  p.  330. 
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a  boring  was  made  near  the  middle  of  the  Weald,  they  were  en 
with  a  thickness  of  over  100  feet  They  lie  at  the  bottom  oi 
probably  as  a  lenticular  mass,  completely  buried  out  of  sigh 
more  recent  sediments  K 

In  north  Germany  they  are  known  as  the  Miinder  marls,  anc 
frequently  exposed  at  the  surface  as  a  consequence  of  the  foldi 
has  affected  this  region.  The  salt-beds  underneath  the  city  of 
which  were  passed  through  by  a  boring,  belong  to  this  series, 
attain  a  thickness  of  over  800  meters.  The  resemblance  they  I 
Eeuper  has  been  pointed  out  by  Struckmann. 

A  map  of  the  Purbeck  deposits  in  the  Jura  constructed  bj 
shows  clearly  that  the  course  of  events  was  the  same  there  as  ir 
Oypsiferous  marls,  but  only  3  or  4  meters  thick,  were  deposi 
the  Portland  over  a  part  of  the  region  now  occupied  by  the  Jura  i 
chiefly  between  the  Doubs  and  the  lake  of  Neuch&tel,  and 
further  to  the  north-east  and  south-west;  but  the  succeedinj 
have  a  much  wider  extension,  particularly  towards  the  south-w< 
the  region  had  not  been  folded,  the  gypsum  would  form  a  lens  1 
of  sight  as  in  England. 

Far  to  the  west  also,  on  the  Charente,  the  gypsum  has 
down  over  the  Portland.  In  this  case,  we  have  before  us  oni 
a  basin ;  the  rest  is  concealed,  on  the  one  hand  by  the  Atlan 
on  the  other  by  the  transgression  of  the  middle  Cretaceous, 
sponds  to  the  southern  border  of  the  Armorican  horst,  which  u 
by  the  several  members  of  the  Mesozoic  series  in  such  a  ma 
successively  younger  members  make  their  appearance  as  we  proc 
south  or  south-west.  Above  the  Portland  lies  first  a  bed  of 
limestone,  about  1-6  meters  thick,  then  35  to  40  meters  of  gypsi 
panied  by  clay,  with  fish  scales  and  fragments  of  wood.  Th 
gypsum  crops  out  in  a  zone  striking  to  the  north-north-v 
Ch&teauneuf  west  of  Angouleme  for  a  distance  of  40  kilomete 
may  be  traced  in  isolated  exposures  through  Rochefort  to  the 
Chassiron,  the  northernmost  promontory  of  the  island  of  Ol^ro 
its  total  length  is  more  than  100  kilometers.  The  Gironde  and  th 
conceal  the  greater  part  of  this  basin,  and  its  outline  is  unknown 

The  remarkable  negative  movement,  which  introduced  stuh  c 
change  of  conditions,  also  brought  about  the  sejxxratio'n  of  easi 

'  It  is  true  that  by  very  close  observation  we  may  recognize  the  border  of  t 
of  gypsum,  sometimes  indicated  by  corrosion  of  the  surface  of  the  Portland,  s« 
a  thin  layer  of  clay,  or  otherwise ;  see  Blake,  Quart.  Joum.  Geol.  Soc,  18 
p.  221  ;  Andrews,  op.  cit.,  1881,  XXXVII,  p.  249,  also  Girardot,  Bull.  Soc.  ^ 
1884-1885,  3«  s^r.,  p.  755.  Perhaps  the  so-caUed  middle  Portlandian  of 
to  be  referred  here. 
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vjestem  Europe,  and  for  a  considerable  interval  each  of  these  regions  was 
the  scene  of  independent  events.  This  episode  corresponds  with  the  lower 
part  of  the  PurbecL    The  division  of  Europe  marks  its  advent. 

(d)  The  basins  in  which  the  gypsum  was  deposited  began  to  be  refiUed. 
In  the  Jura  the  sediments  of  this  new  stage,  which  consist  of  limestone 

and  marl,  extend  from  Biel  to  the  south-west  through  the  whole  mountain 
range  and  further  still  into  the  department  of  the  Is^re.  They  are  some- 
times separated  from  the  underlying  beds  by  a  cavernous  dolomite,  and 
attain  a  thickness  of  only  4  or  5  meters.  At  their  base  is  a  layer  con- 
taining a  mixed  fauna  of  fluviatile  and  brackish- water  shells,  then  a  fresh- 
water bed,  and  above  that  again  brackish-water  layers.  The  upper 
brackish-water  bed  is,  however,  of  but  trifling  extent,  and  appears,  at  least 
according  to  existing  observations,  scarcely  to  pass  beyond  the  region  of  the 
gypsiferous  clay,  which  lies  deep  below  it.  The  fresh-water  limestone-beds 
reappear  outside  the  Jura  near  Baume  on  the  Doubs,  above  Besangon,  and 
near  Gray  on  the  Sadne,  so  that  a  connexion  appears  to  have  existed  with 
the  eastern  side  of  the  Paris  basin.  But  in  the  department  of  the  Yonne 
the  beds  above  the  Portland  are  already  absent,  as  well  indeed  as  every 
trace  of  fresh- water  deposits ;  and  the  marine  lower  Cretaceous  rests  directly 
on  the  marine  Jura^ic. 

In  north  Germany,  an  imposing  series  of  limestone  beds,  with  marine, 
brackish,  and  fresh-water  shells,  was  deposited  during  this  period  above 
the  marls  of  MUnde :  they  are  known,  owing  to  the  abundant  occurrence  of 
SerpvZa  coacei'vata,  as  the  'Serpulite.'  The  Serpulite  also  occurs  near 
Boulogne  and  corresponds,  in  England,  with  that  part  of  the  Purbeck 
which  lies  above  the  gypsum.  Oscillations  were  so  frequent  that  Bristow 
distinguishes  in  this  zone  as  developed  in  the  isle  of  Purbeck,  the  remains 
of  four  ancient  forests,  eleven  fresh-water  beds,  four  brackish,  and  three 
marine  beds,  succeeding  one  another  in  repeated  alternations. 

On  the  Charente  a  limestone  bed  with  fresh- water  mollusca  also  occurs, 
the  '  couche  de  deux  pieds.' 

The  marine  or  brackish- water  mollusca  of  these  beds  fully  maintain  the 
character  of  the  lower  beds ;  many  species  are  common  to  both ;  we  have 
here  an  vmpoverished  Jurassic  fauTia. 

The  later  transgressions  show  clearly  that  at  this  time  all  the  western 
part  of  the  Paris  basin  beyond  the  Pays  de  Bray  was  dry  land,  while  in 
the  east,  from  the  Alps  to  England,  the  marine  and  fresh-water  faunas 
variously  alternate  with  each  other. 

(e)  While  the  course  of  events  had  hitherto  been  uniform  over  viist 
areas,  now  local  differences  began  to  make  their  appearance. 

The  strand  rose  still  further ;  the  regions  lying  nearest  the  Alpine  sea 
were  submerged,  and  the  new  marine  fauna  of  the  Valengian  or  lower 
Neocomian  advanced  from  the  south  over  the  region  of  the  Jura.    The  sea 
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penetrated  into  France,  l>ut  towards  the  west  its  deposits  do  not  ej 
past  Vailly,  north-west  of  Sanoerre  in  the  Cher.  In  the  wnih  a^ 
however,  and  in  the  whole  af  England  the  fiuirine  depomie  of  i 
Neocomian  are  not  known  to  occur '. 

It  is  true  the  sea  did  not  at  onee  enter  into  permanent  possessic 
and  there  occasional  intercalations  of  fresh-water  limestones  ma; 
with,  but  these  at  length  cease  as  the  sea  acquired  undisputed  c 
Somewhat  further  nortii,  in  the  Haute-Mame,  a  fresh- water  be< 
again  at  a  much  higher  level,  the  Urgonian  stage  of  the  Cretaceou 

Still  further  north,  in  Hanover  and  in  England,  fresh  water 
longer  than  in  the  neighbourhood  of  the  Alps ;  indeed  it  was  at  tl 
that  the  typical  deposits  of  the  Weald  first  began  to  be  formed. 

In  north  Germany  the  Serpulite  is  covered  by  a  deposit  of  { 
and  shale,  200  meters  thick,  containing  the  remains  of  reptiles,  fn 
moUusca^  such  as  Unio  and  Cyrena,  and  beds  of  coal,  many  times 
in  succession,  as  in  the  ancient  Coal-measures.  Tracks  of  anima 
surface  of  the  sandstone  beds  show  how  the  surface  of  the  fresh-v 
gradually  rose  to  a  higher  level,  till  it  became  stationary. 

Similar  sandstones  occur  in  small  patches  near  Boulogne ;  in 
they  lie  above  the  Purbeck,  as  in  Hanover,  and  contain  numeroui 
of  the  great  Iguanodon  and  fragments  of  terrestrial  plants.  The 
known  as  the  Hadinge  auTids^  and,  as  in  Germany,  the  footprints  c 
are  found  in  it  at  various  levels. 

(/)  In  Hanover,  as  in  England,  there  now  follows  the  upper  TT 
Again  the  influence  of  the  sea  began  to  make  itself  felt 

In  north  Germany  this  member  attains  a  thickness  of  about 
meters:  by  the  side  of  numerous  fiuviatile  mollusca,  the  brack 
forms  of  the  Serpulite  reappear,  and  among  them  Corhula  injie 
represents  the  still  further  impoverished  Jurassic  fauna,  which  d 
period  of  the  Hastings  sands  had  continued  to  exist  somewhere  i: 
In  England  we  meet  with  brackish-water  intercalations  in  the  fr 
clay,  and  Ostrea  distorta  once  more  gives  rise  to  a  bed  which  oc 
to  the  summit  of  the  Wealden.  Thus  under  the  most  unfavoui 
ditions  the  last  survivors  of  the  Jurassic  period  have  succeeded 
taining  their  existence,  a  true  relict  fauna. 

In  England  the  thickness  of  the  deposits  increases  rapidly  to 
west,  and  reaches  2,000  feet  in  the  beds  above  the  Purbeck :  po 
clastic  sediment  came  from  that  direction.     In  Belgium  there  mt 

^  Hubert  has  done  admirable  work  in  establishing  these  facts;  an  acci 
conditions  in  France  is  given  by  Lapparent,  Traits  de  geologic,  2®  ^d.,  p. 
Price  (Proc.  Geol.  Assoc,  1875,  IV,  pp.  269-278)  and  Gardner  (Geol.  Mag.,  18: 
TV,  p.  377  et  passim)  conclude  from  the  nature  of  the  deposits  that  the  G 
England  also  became  deeper. 
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here  and  there,  resting  on  the  CoaJ-meaBures,  beneath  the  later  beds  of  the 
middle  Cretaceous  transgression,  patches  of  sand  or  clay  which  contain 
remains  of  plants.  These  are  the  remnants  of  deposits  which  accumulated 
in  hollows  of  the  ancient  surface;  in  1878  the  mines  of  Santa  Barbara, 
near  Bemissart,  not  far  from  the  French  frontier,  revealed,  at  a  depth 
of  822  meters  below  the  ground,  a  mass  of  clay  faulted  down  into  the  Coal- 
measures  ;  this  contained  several  skeletons  of  Iguanodon,  with  associated 
fishes  and  plants  of  the  same  species  as  characterize  the  English  Weald  ^. 

Brown  clay  containing  plant  remains  occurs  also  on  the  limestone  of 
Charente. 

(g)  The  sea  advanced  agfiin  still  further  to  the  north,  and  the  period 
of  great  lakes  gradually  came  to  an  end.  It  is  no  longer  the  marine  fauna 
of  the  Valengian  or  lower  Neocomian  which  accompanies  the  transgression 
as  in  the  Jura ;  but  that  of  the  middle  Neocomian,  the  Hils  or  Hauterivian, 
as  we  meet  with  it  in  Germany.  At  the  same  time  the  north  of  France 
was  submerged,  and  the  south  of  England  was  reached  by  the  sea,  for  the 
first  marine  intercalation  of  the  Cretaceous  lies  very  nearly  on  this  horizon. 
But  in  EIngland  fresh  water  once  more  reappeared,  and  it  was  not  till  the 
following  stage  of  the  lower  Cretaceous  that  the  region  of  the  ancient  lake 
was  at  length  permanently  occupied  by  the  sea.  This  stage  begins  with 
the  Punfield  beds,  which  correspond  to  the  Urgonian  of  French  geologists*. 

The  positive  movement  proceeded  in  a  series  of  oscillations.  It  first 
carried  the  lower  Neocomian  from  the  Alps  across  the  region  of  the  Jura 
to  France.  In  the  middle  Neocomian,  i.e.  at  the  time  of  the  Hils  stage, 
a  further  transgression  brought  its  waters  over  the  north  of  France,  the 
north  of  Germany,  the  north  German  Weald,  and  a  large  part  of  England. 
In  the  following  or  the  Urgonian  stage,  the  series  of  fresh- water  deposits 
was  brought  to  an  end  in  England  also.  While  the  sea  of  the  lower 
Cretaceous  had  already  spread  itself  over  the  Purbeck  area  of  the  Jura, 
some  brackish- water  moUusca,  the  last  remains  of  the  Jurassic  fauna,  still 
persisted  in  the  Wealden  area  of  England  and  Germany,  despite  the  north- 
wards march  of  the  sea  \  Indeed,  these  Jurassic  mollusca,  already  adapted 
by  repeated  oscillations  to  brackish-water  conditions,  were  much  better 
fitted  to  maintain  their  existence  in  the  lakes  and  estuaries  of  the  period 
than  the  new  arrivals  freshly  introduced  by  the  waters  of  the  Cretaceous 


Having  obtained  these  results,  let  us  now  cast  a  glance  over  the 
peninsula  beyond  the  Pyrenees. 

>  Dapont,  Bull.  Acad.  Roy.  Belg.,  1878,  2«  s^r.,  XLVI,  p.  387. 

*  In  Gennanj  also  some  fresh-water  mollusca  occur  in  higher  marine  deposits; 
O.  Boehm,  Beiirftge  zur  geognostischen  Kenntniss  der  Hilsmulde,  Zeitschr.  deutsch.  geoL 
Qw.,  Inaugund-Diflsertation,  Berlin,  1877,  p.  10. 

*  This  important  conclusion  was  also  drawn  bj  Beyrich,  S^itschr.  deutsch.  geol.  Ges., 
1680 ;  and  Neumayr,  Verh.  k.  k.  geol.  Reichs.,  1880,  p.  290. 
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We  have  found  hitherto  that  we  could  most  clearly  represent  th 
of  events  by  tracing  them  from  the  Alps  through  the  Jura  and  o 
north-west  as  far  as  the  English  Weald.  We  will  pursue  a  simila 
in  Spain,  and  follow  the  succession  of  the  beds  in  a  north-west  < 
from  the  Balearic  isles  to  the  Atlantic  coast. 

In  the  Balearic  isles,  which  we  regard  as  the  probable  contini 
the  Betic  cordillera,  the  stratified  series,  as  in  the  cordillera  itself » c 
the  Alps,  is  chiefly  of  a  pelagic  character.     Purely  marine  deposii 
sent  the  upper  Jurassic,  which  is  overlaid  by  the  lower  Neocom: 
the  continent,  we  again  meet  with  the  lower  Neocomian  near  Vale 
further  inland  it  is  not  yet  known  to  occur ;  it  is  also  absent  in  th« 
of  the  Paris  basin  which  are  most  remote  from  the  Alps.     On  t 
hand  there  appears  on  the  coast,  in  the  little  mountain  range  of 
de  Alcala,  near  Castellon,  a  lithographic  limestone  with  Exogyra 
and  thus  on  the  horizon  of  the  Kimmeridge ;  it  resembles  the  litli 
limestones  which  occur  at  the  summit  of  the  Jurassic  in  the  soui 
France,  and   from   Ulm   to  Solenhofen   in   Bavaria,  but  these 
represent  the  Portland  as  well  as  the  Purbeck,  and  Giimbel  has  sh 
in  south  Germany  they  bear  the  signs  of  numerous  minor  oscillati 
as   under  different  conditions  we  were  able  to  recognize  in  the 
Purbeck.     The  next  sediments  which  are  known  above  the  litl 
limestone  of  Atalayas  belong  not  to  the   lower  Neocomian,  bi 
XJrgonian  stage  ^. 

Further  inland  in  Teruel,  coal  beds  crop  out,  alternating  neai 
with  marine  sediments;  their  fauna  precisely  coincides  with  th 
Punfield  beds,  which  are  intercalated  with  the  highest  beds  of  th 
Weald,  and  mark  its  close  *. 

The  fresh- water  deposits  of  the  Weald  occur  still  further  to  t 
west  in  parts  of  Logrono  and  Burgos,  extending  as  far  as  the  val 
Saja,  in  Santander,  and  attain  the  Atlantic  coast.  Palaoios  and 
have  described  them  in  the  southern  part  of  this  region  ;  ace 
Calderon's  account  they  attain  a  thickness  of  over  1,000  meters 
largest  of  the  areas  they  occupy  covers  1,200  square  kilometers  ; 
be  subdivided  into  Hastings  sand  and  Weald  clay,  as  in  England  ^ 

*  H.  Hermite,  fitudes  geologiques  sur  les  lies  Baleares,  8vo.  Paris.  18' 
Goquand,  Sur  rexifitence  des  stages  coralliens,  etc.,  dans  la  province  de  Cas 
Plana,  Bull.  Soc.  geol.  de  Fr.,  1867,  2^  s^r.,  XXIV,  pp.  462-471 ;  C.  W.  G 
geognostisclien  Verhaltnisse  des  Ulmer  Cementmergels,  Sitzber.  k.  baj^r.  Aks 
pp.  38-72. 

^  E.  de  Vemeuil  et  G.  de  Loriere,  Description  des  fossiles  du  Neocomie 
d^UtriUas,  4to,  Paris,  1868 ;  the  correspondence  is  emphasized  by  Judd,  Qi 
Geol.  Soc,  1871,  XXVII,  p.  224. 

'  P.  Palacios  y  Raf.  Sanchez,  La  formacion  Wealdense  en  las  provincias 
Logrono,  BoL  Com.  mapa  geol.  Espana,  1885,  XII,  pp.  109-140 ;  S.  Caldero 
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The  marine  series  of  the  Cretaceous  begins  everywhere  in  this  part  of 
Spain  with  the  Urgonian,  which,  as  Carez  has  shown,  extends  over  Catalonia, 
north  Arragon,  Navarra,  and  Biscay  \ 

The  correspondence  with  central  Europe  is  remarkable;  the  Balearic 
isles  answer  to  the  Alps,  Santander  to  the  south  of  England. 

Let  us  next  turn  to  Portugal. 

Many  years  ago  Sharpe  described  an  '  infra-Cretaceous '  series  of  fresh- 
water origin  occurring  in  Portugal.  Delgado  recognized  its  correspondence 
with  the  Weald,  and  it  was  subsequently  described  by  Bibeiro;  it  is 
shown  on  the  geological  map  of  Portugal  as  extending  from  Setubal  to 
Cabo  de  Espichel,  and  in  many  larger  and  smaller  areas  north  of  the  Tagus 
to  Cabo  Mondejo.  Saemann  correlated  the  upper  parts  of  the  Portuguese 
Jurassic  with  the  Portland  of  Boulogne  K 

In  the  Serra  de  Cintra,  according  to  Choffat,  the  Kimmeridge  is  sur- 
mounted by  a  thick  series  of  limestone  beds,  which  contain  some  of  the 
species  of  the  preceding  fauna,  and  some  fresh  arrivals,  including  Cyrena. 
Then  follows  the  Yalengian,  next  the  Hauterivian,  i.  e.  the  marine  lower 
and  middle  Neocomian.  But  only  20  kilometers  to  the  east,  near  Bellas, 
west-north-west  of  Lisbon,  the  Yalengian  is  replaced  in  this  series  by  a 
sandstone  containing  terrestrial  plants  and  corresponding  to  the  Weald  \ 

The  series  of  events  is  thus  essentially  the  same  from  the  Harz  to  the 
west  coast  of  Portugal.  Above  the  Portland,  first  the  sea  became  shallow 
or  was  replaced  by  fresh  water,  next  followed  a  chain  of  evaporating 
lagoons,  extending  from  Hanover  to  the  island  of  Ol^ron,  and  then  great 
fresh- water  lakes  made  their  appearance  over  the  area  between  Ebmover 
and  the  west  coast  of  Portugal.  The  sea,  which  at  first  had  completely 
retired  to  the  south,  now,  at  the  time  of  the  lower  Neocomian,  extended 
over  the  north  of  France  as  far  as  the  Cher ;  in  Spain  it  only  approached 
Valencia,  and  in  Portugal  passed  over  some  districts  in  the  west.  In  the 
Hils  (Hauterivian)  and  the  Urgonian,  the  strand-line  continually  advanced 
by  oscillations  until  the  whole  region  of  the  fresh- water  lakes  was  entirely 
covered  by  the  sea.  In  many  places  the  fresh- water  beds,  and  in  Charente 
the  gypsum  also,  strike  out  against  the  Atlantic  Ocean,  proving  that  at  this 
epoch  continental  land  extended  beyond  the  existing  coasts. 

le  terrain  wealdien  du  nord  de  TEspagne,  Bull.  Soc.  g^ol.  de  Fr.,  1886,  3*8er.,  XIV, 
pp.  40^-407. 

'  L.  Cares,  £tude  des  terrains  cr^tac^s  et  tertiaires  du  nord  de  I'Espagne,  8vo,  Paris, 
1881,  p.  147  et  seq. 

'  D.  Sharpe,  On  the  Secondary  District  of  Portugal  which  lies  on  the  north  of  the 
Tagos,  Quart.  Joum.  Geol.  Soc,  1850,  VI,  pp.  134-201  (Sub-cretaceous  Series) ;  Ribeiro  e 
Ddgado,  Carta  geologica  de  Portugal,  foL,  1876 ;  Saemann  in  Loriol  et  Pellat,  £tage 
porUandien  de  Boulogne,  p.  184;  C.  Ribeiro,  Breve  noticia  acerca  da  constituiqSo 
physica  e  geoldgica  da  parte  de  Portugal  comprensa  entre  os  valles  do  Tejo  e  do  Douro, 
Jem.  sci  math.  Ac.  R.  Lisboa,  1870,  II,  pp.  243-252  and  353-869,  in  particular  p.  249. 

•  Choffati  in  Act  Soc.  helv.  sci.  nat  r^unie  k  Locle  1885,  8vo,  Neufch&tel,  1886,  p.  63. 
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6.  Fwrther  transgressions  and  intermixture  of  the  Cretaceous 
It  will  be  seen  from  the  foregoing  that  the  maximum  of  the  negati 
must  be  placed  at  the  base  of  the  gypsum  and  salt  marls,  bet¥ 
Portland  and  the  Purbeek,  and  from  this  time,  in  spite  of  all  osc 
the  preponderance  of  the  positive  movement  may  be  recognized  u 
transgression  of  the  Uigonian,  which  covers  the  whole  of  the  Weal 

The  greatest  change  in  physical  conditions  did  not  therefore 
coincide  with  the  greatest  change  of  the  fauna,  but  slightly  an 
'  it,  for  the  upper  Purbeck  contains  a  fauna  which  is  still   und 
Jurassic. 

First  of  all  the  question  arises  whether  this  negative  phase 
find  in  some  other  part  of  the  world  a  complementary  positi^ 
Indications  of  this  are  not  far  to  seek.  The  Kimmeridge  of  the 
region  extends,  as  we  have  seen,  through  Poland  to  the  Volga  an( 
it.  But  even  in  west  Poland,  near  Tomaszow,  on  the  Pilica,  Mikh 
observed  the  vestiges  of  a  sea  alien  to  western  Europe,  viz.  the  lou 
stage  of  Russian  geologists  (zone  of  Perisphinctes  virgatus).  Mikl 
described  it,  and  doubtless  with  truth,  as  the  first  indication  o\ 
northern  infra-Cretaceous  transgression  \  Nikitin  places  the  Vo 
in  the  period  of  the  English  Weald. 

Since  a  considerable  number  of  species  characteristic  of  the  Pc 
western  Europe  still  occur  in  east  Oalicia,  the  separation  of  Rui 
western  Europe  must  be  placed  at  the  close  of  the  Portland,  i.  e. 
at  that  time  when  the  deposition  of  the  gypsiferous  marls  begins, 
maximum  of  the  negative  phase  in  western  Europe.  While  in 
and  south  the  strand  was  in  retreat,  leaving  behind  the  gypsif  eroui 
in  the  north-east  on  the  contrary  it  was  advancing,  on  the  one  1 
Kostroma,  Twer,  Moscow,  and  Riasan,  and  on  the  other  from  Orer 
Samara  over  Simbirsk. 

The  investigations  of  Russian  geologists,  who  of  late  years  hav- 
to  light  so  many  new  facts  in  connexion  with  this  subject,  hard 
us  at  present  to  trace  in  detail  on  the  map  the  distribution  of  tl 
subdivisions  of  the  Volga  stage,  but  there  appears  to  be  no  doul 
the  north  of  Asia  a  great  transgression  corresponds  to  this  stage,  pa 
to  its  upper  members.  The  area  affected  by  this  transgression 
according  to  Nikitin,  the  region  west  of  the  lower  Ob  southwards 
lat.  63°  N.,  then  a  part  of  north  Siberia,  particularly  the  pen 
Taimyr,  down  to  Dudinskoj  on  the  lower  Yenisei,  then  down  t 
course  of  all  the  rivers  situated  to  the  east  as  far  as  the  Jana,  1: 
far  south  as  the  Arctic  circle.  There  the  deposits  of  the  Volg 
patches  on  the  marine  Trias.     The  Jurassic  beds  said  to  occur  i 

^  A.  Mikhalski,  Notes  sur  les  couches  h  Perisphinctes  rirgatus  de  la  Pologne  ; 
geol.  Russie,  1886,  V,  pp.  363.  456. 
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more  to  the  south  are  more  or  less  doubtful ;  the  upper  Volga  beds,  on  the 
other  hand,  appear  to  occur  on  the  Amur  and  the  Bureja. 

The  Mesozoic  deposits  of  Spitzbergen,  which  rest  on  the  Trias,  as  well 
as  those  of  east  Greenland,  have  already  been  assigned,  on  the  evidence  of 
existing  observations,  to  the  Jurassic  (II,  p.  69);  it  must  however  be 
added  that  Lahusen,  in  his  latest  investigations  of  the  upper  Volga  stage 
on  the  Yenisei  and  Lena,  has  observed  much  similarity  between  these  beds 
and  those  of  Spitzbergen  and  east  Greenland  ^. 

The  uncertainty  as  to  the  stratigraphical  position  of  certain  beds 
characterized  only  by  Aucella,  and  the  difference  of  opinion  existing  among 
palaeontologists  on  this  point,  render  it  impossible  to  extend  these  compari- 
sons to  the  Aleutian  islands  or  the  Queen  Charlotte  islands,  where  the 
Volga  stage  is  certainly  represented.  According  to  White  it  is  very 
probable  that  the  Aucella  beds  of  California  correspond  with  those  of  the 
north ;  possibly  they  extend  to  New  Mexico  K  In  Arctic  North  America, 
however,  and  as  far  as  cape  Farewell,  nothing  similar  is  known.  In  west 
Greenland  the  lower  Cretaceous  is  only  represented  by  plant-bearing  beds. 

The  genus  Aucella  can  be  traced  from  the  north  to  the  Lofoten  islands, 
but  it  does  not  proceed  further  into  the  Atlantic. 

Some  indications  of  similar  relations  may  be  observed  in  the  southern 
hemisphere. 

In  east  Australia  there  is  evidence  of  a  Cretaceous  transgression,  which 
Neumayr  places  at  about  the  horizon  of  the  Aptian  (II,  p.  155).  In  the 
aoruth-east  of  Cape  Colony  plant-bearing  deposits,  which  include  marine 
beds,  the  well-known  Uitenhage  series,  rest  on  the  older  stratified  formations 
(I,  p.  899).  Near  Sripermatiir,  on  the  east  coast  of  Hindustan,  some  sand- 
stones occur,  which  may  be  assigned  to  the  Uitenhage  horizon  (I,  p.  409).  We 
now  reach  the  Jurassic  region  of  Cutch.  The  various  stages  of  the 
European  Jurassic  may  be  distinguished  up  to  the  horizon  of  the  Portland. 
The  XJmia  group,  which  contains  species  common  to  the  European  Portland, 
is  a  sandstone  3,000  feet  thick.  The  greater  number  of  marine  fossils, 
chiefly  Portland  species,  occur  in  a  calcareous  conglomerate  near  its  base ; 
higher  up,  many  terrestrial  plants  appear,  and  above  the  plants  we  meet 
with  a  few  species  of  the  Uitenhage  stage.  Here,  therefore,  the  European 
Jurassic  system  is  covered  by  the  Uitenhage,  a  stage  unknown  to  Europe ; 
just  as  in  Russia  it  is  covered  by  the  lower  Volga  stage,  also  with  an  alien 
faima.  The  Uitenhage  fauna  has  come  from  the  south,  the  Volgian  from 
the  north.    To  complete  the  correspondence,  we  find  in  Cutch,  above  the 

'  J.  Lahusen,  Die  Inoceramen-Schichten  an  dem  Olenek  und  der  Lena,  Mem.  Acad.  Imp. 
ScL  Saini-P^tenb.,  1868,  XXXIII,  No.  7.  Amaltheus  Nathorsti,  Lundgr.,  of  Spitzbergen 
is  alio  said  to  occur  in  the  upper  Volga  stage  on  the  Bureja. 

*  C.  A.  White,  On  the  Mesozoic  and  Cenozoic  Palaeontology  of  California ;  Bull.  U.S. 
Geol.  Surv.  Territories,  No.  15,  1885,  p.  22  et  seq. 
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Uitenhage  stage,  the  Aptian,  with  its  European  fauna  (Hoplitea  L 
and  the  same  stage  (also  containing  H.  Deahayeaii)  rests  in 
according  to  Nikitin,  on  the  Volga  stage.    A  species  belong! 
Aptian  stage  of  Australia  occurs  with  the  European  Aptian  in  Ci: 

We  have  then  in  Simbirsk,  first  the  European  Jurassic,  next  th 
Volga  stage,  and  then  the  European  Aptian  stage;  and  similarly 
first  the  European  Jurassic,  then  traces  of  the  southern  Uitenh 
and  last  traces  of  the  European  Aptian  stage. 

We  have  now  advanced  far  enough  to  return  to  Europe,  an< 
trace  the  events  which  mark  the  limit  between  the  Jurassic  and  ( 
systems,  as  well  as  certain  phenomena  in  the  succession  and  com] 
the  marine  Cretaceous  fauna. 

The  marine  Jurassic  fauna,  so  far  as  we  can  trace  its  histor 
give  rise  to  the  marine  fauna  which  succeeds  it.  Some  of  the  peL 
of  the  Alpine  area  may  have  contributed  direct  descendants,  but 
of  moderate  depths  was  destroyed,  first  by  the  extensive  retreat 
and  next  by  fresh- water  conditions ;  some  brackish-water  species 
been  derived  from  marine  forms,  and  have  persisted  for  awhile 
new  marine  faunas  came,  for  the  greater  part,  from  elsewhere. 

The  Valengian  of  the  lower  Neocomian,  which  extends  hv 
distance  beyond  the  pelagic  region  of  the  Alps,  does  not  cont 
fauna,  and  shows  foreign  affinities. 

The  next  stage  is  the  Hils  or  Hauterivian,  which  possesse 
wider  distribution.  When  Neumayr  and  Uhlig  described  the  A 
of  the  Hils  in  1881,  they  showed  much  more  clearly  than  had 
before  the  presence  of  northern  elements  in  this  member  of  the  ( 
formation.  Subsequent  investigators,  among  others  Weerth  i 
Pavlow,  have  shown  that  relations  exist  between  the  Hils  fauna  i 
occurring  in  Russia ;  indeed  some  species  of  the  Volga  fauna  app 
Hils.  But  Neumayr  and  Uhlig  have  shown  that  a  close  resemb 
exists  between  some  forms  of  the  Hils  and  the  Uitenhage  fai 
period  of  transgression  was  also  a  period  of  intermixture  of  fa 
both  northern  and  southern  elements  make  their  appearance  ii 
The  isolation  of  the  north-east  by  the  negative  movement,  d 
continuance  of  which  the  development  of  the  north  Volga  faui 
progress,  now  came  to  an  end  \ 

^  M.  Neumayr  and  V.  Uhlig,  Ueber  Ammonitiden  aus  den  Hilsbildui 
Deutschlands,  Palaontographica,  1881,  XXVII,  p.  74;  0.  Weerth,  Die 
Neocomflandsteins  im  Teutohurger  Walde,  PaiS,ont.  Abh.,  edited  by  1 
Eayser,  1884,  II ;  Marie  Pavlow,  Les  Ammonites  du  Groupe  Olcoftophanu 
BulL  Soc.  nat.  Moscou,  1886,  LXII,  pp.  27-43.  Neumayr  had  inferred  tl 
transgression  even  much  earlier,  not  only  from  the  marine  faunas,  but 
Sandberger's  statement  that  in  the  upper  Weald  the  tropical  lacustrine  fauna 
by  one  of  North  American  character ;  Verh.  k.  k.  geol.  Reichs.,  1873,  p.  290. 
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Hitherto  but  little  has  been  said  of  the  lower  Cretaceous  deposits  of 
the  Alps,  which  succeed  each  other  in  unbroken  pelagic  development, 
because  indeed  general  transgressions  or  regressions  can  seldom  be  demon- 
strated in  folded  mountains ;  the  case  of  the  Purbeck  in  the  Jura  mountains 
worked  out  by  Maillard  is  a  rare  exception*  On  the  other  hand,  we  must 
not  n^lect  to  take  into  account  the  character  of  the  faunas.  If  we  look 
for  the  pelagic  representatives  of  the  littoral  deposits  we  find,  immediately 
above  the  equivalents  of  the  Hils  or  Hauterivian,  the  BarrSmian  stage  in 
the  lower  Rhone  valley,  and  the  Wemsdorf  shales  in  the  Carpathians,  and 
again  a  new  element  appears  in  their  fauna*  The  rich  lower  Cretaceous 
fauna  of  Santa  F^  de  Bogota  in  Columbia,  described  in  detail  by  Karsten, 
sends  numerous  representatives  into  this  stage.  Coquand  and  d'Orbigny 
recognized  them  in  the  Barr^mian  of  France,  Hohenegger  in  the  Car- 
pathians ;  Uhlig  has  shown  the  correspondence  which  exists  between  the 
for-distant  faunas  of  Bogota,  the  lower  Rhone  valley,  and  the  Carpathians. 
The  genus  Pulchellia  is  as  typical  of  this  immigration  into  Europe,  as 
Holcostephanus  of  the  preceding  transgression  \ 

In  the  Aptian  stage  finally  a  uniform  flora  appears  to  have  extended 
from  Russia  across  Europe,  and  the  few  species  so  far  known  from  India 
indicate  that  they  too  once  extended  over  this  region. 

Thus  towards  the  close  of  the  Jurassic  period  Europe  once  more 
emerges  from  the  sea,  to  again  disappear  beneath  successive  advancing 
transgressions.  The  Alpine  region  remained  constantly  submerged.  The 
maximum  of  physical  change,  between  the  Portland  and  Purbeck,  did  not 
coincide,  in  central  Europe,  with  the  maximum  change  in  the  fauna.  Its 
chief  effect  was  to  produce  increased  isolation  and  to  prepare  the  way  for 
the  extinction  of  the  sublittoral  elements  of  the  fauna.  The  effects  of  the 
snoceeding  transgressions  on  the  faunas  vary  in  importance  in  proportion 
as,  in  each  case,  they  establish  new  marine  communications,  and  thereby 
facilitate  or  promote  fresh  immigrations. 

Nikitin  has  pointed  out  that  in  Russia  the  highest  degree  of  indepen« 
dence  occnrred  at  the  time  of  the  Volga  stage,  but  afterwards  in  the 
epoch  of  the  Gault  the  universality  of  the  fauna  was  *  gradually 
re-established  even  in  the  most  distant  regions/  Neumayr  has  arrived  at 
similar  results  \  Phenomena  of  this  kind  cannot  be  explained  by  oscillations 
of  the  continents.     • 

The  distinction  between  the  Pacific  and  Atlantic  regions  now  appears 
still  more  sharply  than  before.  Lower  Cretaceous  beds  are  known  at  many 
on  the  east  coast  of  America,  from  the  Aleutian  islands  to  cape 


'  y.  Uhlig,  Die  Cephalopodenfauna  der  Wernsdorfer  Schichten ;  Denkschr.  k.  Akad. 
Win.  Wien,  1888,  XLVI,  p.  158. 

'  Nikiiiii,  torn,  cit.,  p.  289 ;  Neumayr  in  nnmeioiis  publications,  in  particular 
EidgflMhichte,  II,  1887,  p.  366,  and  Neues  Jahrb.  Min.,  1887,  II,  p.  279. 
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Horn ;  also  in  New  Zealand  and  Australia.    On  the  border  of 
they  are  folded;  in  the  interior  of  Australia  they  lie  flat.    B 
Atlantic  coasts,  except  in  the  case  of  Europe,  we  seek  in  vain 
sentatives  of  any  of  these  deposits.    Even  in  Europe  the  Wealc 
with  its  fresh- water  deposits  right  up  to  the  brink  of  the  Oceai 
theless  a  communication  of  the  lower  Cretaceous  seas  of  Europe 
of  the  west  of  South  America  is  indicated  by  their  fauna, 
munication,  however,  can  only  have  existed  in  the  vicinity  of  i 
of  the  coast  which  are  constructed  on  the  Pacific  type,  i.  e.  be 
existing  Mediterranean  and  the  West  Indies. 

6.  The  Cenomanian  tranagresaion.  As  the  long  series  of  ii 
positive  movements  from  the  Rhaetic  stage  on  through  the  lia 
the  forerunner,  as  it  were,  of  the  great  transgression  of  the  Bathe 
and  the  Eelloway,  so  all  the  oscillations  of  the  lower  Cretacei 
Europe  yet  mentioned  were  only  the  preUminary  warnings  of  a 
sion  of  far  greater  importance,  especially  distinguished  by  th< 
it  affected  the  Atlantic  coaste  also. 

This  transgression  embraces  the  Cenomanian,  Turonian,  and 
there  are  indications  that  its  greatest  extension  coincided  with  th* 
Since  this  subject  has  been  discussed  elsewhere  we  will  now 
a  summary  of  the  most  important  results  ^. 

The  Cenomanian  transgression  has  left  its  traces  on  the  sun 
Spanish  meseta ;  thence  it  may  be  followed  to  the  north,  across  ] 
into  the  north  of  Scotland,  where  its  deposits  may  be  seen 
localities.  Isolated  patches  of  the  Senonian  have  been  revealed  I 
off  the  Norwegian  coast,  up  to  the  highest  latitudes  (II,  p. 
transgressive  Cretaceous  is  to  be  seen  on  the  summit  of  the 
mass,  as  far  as  the  Bavarian  Jura,  and  further  north  in  numen 
in  Denmark  and  as  far  as  Scania.  Signs  of  the  transgression  al 
a  part  of  the  Baltic.  It  extended  across  Poland,  and  Karpinsli 
clearly  recognized  the  difference  in  extension  of  the  lower  Cret 
this  new  transgression,  describes  its  northern  limit  as  having  pc 
what  north  of  Vilna  and  Mohilew  through  Kaluga  towards  M 
then  somewhat  north  of  Simbirsk  and  Samara  towards  Orenbe 
the  northern  half  of  Russia  remained  uncovered  by  the  sea ;  tl 
outrunners  of  the  Ural  on  the  other  hand  were  submerged,  but 
pinsky  has  kindly  informed  me  of  the  remarkable  discover} 
Herr  Fedoroff,  that  Cretaceous  beds  with  Baculites  exist  beyoi 
on  the  northern  Sosswa  in  lai  62""  3(/  N.  These  Baculite  bedg 
fossiliferous  strata,  probably. belonging  to  the  upper  Volga  staj 
whole  succession  is  horizontal. 

^  Entsiehung  der  Alpen,  pp.  104-117. 

*  Karpinsky,  Uebenicbt  der  physiko-geographiscben  VerhS^ltnisse,  etc 
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The  Cenomanian  sea  extended  over  the  whole  region  of  the  Caspian 
and  the  Ural;  and  according  to  Bomanowski  and  Musketow  it  covered 
the  Kizil-Kum  and  all  the  plains  of  Turania  up  to  the  great  mountain 
chain,  which  no  sea  appears  to  have  reached  since  the  Pal€Leozoic  aera ;  for 
the  lower  members  of  the  Mesozoic  series  are  represented  in  it  either  by 
coal-bearing  beds  or  not  at  all  \  The  Cenomanian  sea  continued  further 
into  the  basin  of  the  Tarym,  on  the  south  side  of  which  Stoliczka  en- 
countered, to  his  great  astonishment,  evidence  of  the  Cretaceous  trans- 
gression. 

The  middle  and  upper  Cretaceous  also  cover  the  whole  region  of  the 
central  Mediterranean  and  even  extend  beyond  it.  Represented  chiefly 
by  hard  limestone,  they  pass  from  the  south  of  Europe  across  Syria,  cover 
the  whole  eastern  half  of  the  Sahara  and  Arabia,  and  penetrate  into  the 
valley  of  the  Narbada,  thus  reaching  India. 

Marine  intercalations  of  the  Senonian  are  found  in  the  plant-bearing 
beds  of  Disco  in  lat.  70**  N.  Patches  of  middle  Cretaceous  also  occur  on  the 
east  coast  of  the  United  States,  as  in  New  Jersey,  for  example.  From  the 
gulf  of  Mexico  the  transgression  extended  into  the  country  to  the  west 
of  the  sierra  Madre ;  it  reached  Chihuahua,  Praesidio  del  Norte,  and  the 
llano  Estacado  of  Texas,  and  extended  into  the  prairies  through  Kansas, 
Nebraska,  and  Dakota  into  the  basins  of  the  Saskatchewan  and  the 
Mackenzie  up  to  lat.  GS""  N.  and  perhaps  even  to  the  Arctic  Ocean. 

At  the  same  time  the  Cenomanian  sea  entered  the  valley  of  the  Amazon, 
crossed  the  whole  breadth  of  South  America  to  the  Andes,  and  probably 
reached  the  Pacific  Ocean.  Its  sediments  are  seen  at  Piauhy,  Ceara,  and 
as  far  as  Bahia  (I,  p.  510).  In  the  south  the  Cretaceous  forms  the  under- 
lying rock  of  the  Pampas,  and  middle  Cretaceous  fossils  are  found  up  to 
lat  68*  80'  S.  m  Patagcmia  (I,  p.  526). 

On  the  west  coast  of  Africa  from  near  the  equator  to  Mossamides* 
(II,  p.  184)  deposits  of  the  lower  Cenomanian  occur,  which  some  observers 
refer  to  the  Qault,  but  on  the  east  coast  they  reappear  with  a  different 
fauna,  which  has  been  distinguished  as  the  Indian  type.  This  fauna 
accompanies  the  transgression  on  the  coast  of  Natal,  again  on  the  coast 
of  Trichinopoli,  and  finally  in  the  Shillong  plateau  (I,  p.  411).  West 
Australia  is  covered  by  transgressive  middle  Cretaceous  beds,  concerning 
which,  however,  we  unfortunately  possess  but  scanty  information. 

The  Pacific  region  has  suffered  so  much  from  compression  and  folding 
that  it  is  unusually  difficult  to  prove  the  existence  of  transgressions  within 
it  In  Tezo  and  Saghalin  the  Cretaceous  of  Indian  type  reappears, 
{HTobably  in  transgression  (II,  p.  182) ;  middle  Cretaceous  lies  unconformably 
and  horizontal  in  the  foot-hills  of  California  (I,  p.  584). 

>  G.  Romanowski,  Materialien  zur  Geologie  von  Turkestan,  German  edition,  4to, 
St.  Petersburg,  1880,  p.  43. 
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Thus  the  sea  of  the  latter  half  of  the  Cretaceous  period  oovei 
and  Irania,  Arabia  and  the  Sahara,  the  prairie-land  of  North  A] 
the  great  valleys  of  the  Amazon  and  Parana.    On  the  other  han^ 
area  may  be  recognized  which  does  not  appear  to  have  been 
the  inundation.    This  embraces  Greenland,  Spitzbei^n,  perhapi 
of  Scandinavia,  northern  Russia,  Siberia,  and  the  whole  of  nortl 
The  conjecture  might  have  been  hazarded  that  the  Cretaceous 
had  been  removed  from  this  region  by  ice,  but  the  Tertiary  1 
beds  are  everywhere  present,  and  rest  on  the  Jurassic  or  Yoli 
east  Greenland  and  Spitzbergen,  while  the  middle  or  upper  Ci 
not  to  be  seen  ;  it  is  true,  however,  the  Baculite  beds  of  the 
within  this  r^on.    A  great  part  of  Gondw&na  land,  broken 
early  as  this  period,  also  remained  above  water,  for  we  see  in 
in  the  west  of  Africa,  that  the  Cretaceous  beds  only  rest  again 
of  the  plateau,  or,  as  in  India,  at  most  extend  into  the  valley  of  tl 
without  reaching  the  plateau  itself.  West  Australia,  on  the  othe 
submerged. 

However  this  may  be,  it  would  appear,  according  to  the  p 
of  our  knowledge,  that  a  considerable  area  of  dry  land  extended 
north  pole,  particularly  on  the  Asiatic  side,  and  more  especi 
direction  of  northern  China.  In  the  lower  Cretaceous  period 
stage  came  from  the  north  southwards,  the  Uitenhage  stage  fro: 
northwards,  both  from  polar  regions.  The  middle  and  upper 
transgressions,  on  the  other  hand,  chiefly  affected  the  eqw 
temperate  zones;  it  is  probable  that  the  sediments  in  the  va 
Ma^enzie,  the  marine  intercalations  between  the  plant-bean 
Disco,  and  the  deposits  in  the  deep  water  off  the  coast  of  Norwi 
outrunning  arms  of  the  sea.  Whether  this  explanation  will  s 
beds  exposed  on  the  Sosswa,  future  investigation  must  decide. 

The  great  extension  of  the  middle  and  upper  Cretaceous  seas  n 
after  the  Senonian,  as  it  was  after  the  Portlandian,  by  an  es 
retreat.  This  negative  phase  will  be  discussed  in  connexion  with 

7.  Survey  of  the  Mesozaic  seas.  The  transgressions  coveri 
tinents  of  the  Mesozoic  period,  whether  they  came  from  the  ] 
equator,  nowhere  left  sediments  on  the  continents  which  wo! 
abyssal  depths.  The  Eelloway,  the  transgressive  beds  of 
Cretaceous,  and  the  Cenomanian  are  composed  of  clastic  m 
companied  as  a  rule  by  numerous  organic  remains,  and  it  is 
Senonian  that  a  sea  of  any  considerable  depth  can  be  suppo 
covered  northern  Europe.  The  Callovian  of  Russia  and  the 
mantle  of  the  upper  valley  of  the  EUbe  may  be  cited  as  exam] 
mark  merely  temporary  submergence  of  the  land,  and  must  not 
with  the  great  persistent  abysses  of  the  Ocean. 
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Our  geographical  maps  show  the  outlines  of  existing  seas,  but  some  of 
these  are  very  deep ;  others,  on  the  contrary,  as  for  instance  the  Arctic 
Ocean,  are  of  very  trifling  depth.  A  knowledge  of  the  outlines  does  not 
imply  therefore  a  knowledge  of  the  position  of  the  great  depths. 

It  is  clear  that  the  Trias  deposits  around  the  Pacific  Ocean  are  repre- 
sented in  the  folded  chains ;  in  the  Indian  Ocean  the  evidence  of  a  trans- 
^ressive  border  or  overlap  only  begins  with  the  middle  Jurassic,  and  in 
the  Atlantic  region  with  the  middle  Cretaceous.  In  the  Indian  and 
Atlantic  Oceans  we  observe  besides  that  the  border  is  not  folded. 

In  that  part  of  the  Arctic  Ocean  which  washes  the  coasts  of  Asia  as 
far  as  the  east  coast  of  Greenland,  and  the  Lofoten  islands,  but  not  beyond, 
certain  features  appear  in  common  with  the  Pacific  region.  As  far  as 
Spitzbergen  the  Trias  is  similarly  present,  but  in  Spitzbei*gen  it  is  not 
folded.  Certain  parts  of  the  Jurassic  system  as  well  as  the  Volga  stage 
appear  in  these  parts  of  the  Arctic  regions,  but  the  middle  and  upper 
Cretaceous  are  absent.  Baffin  bay,  on  the  other  hand,  shares  the  characters 
of  the  Atlantic  Ocean:  the  only  marine  deposit  of  western  Greenland 
belongs  to  the  upper  Cretaceoua 

We  will  now  leave  the  shore  of  the  Ocean  and  cast  a  glance  at  the 
stratified  series  of  the  Silakank  in  the  Himal&ya  (I,  p.  437).  Where,  as  in 
this  case,  the  Mesozoic  beds  succeed  each  other  uninterruptedly  in  per- 
sistent pelagic  development,  for  a  thickness  of  thousands  of  feet,  and  even 
overlie  a  similar  series  of  Palaeozoic  beds,  we  seem  forced  to  conclude  that 
s,  deep  and  long  persistent  sea  lay  in  the  midst  of  the  existing  continent, 
and  that  it  was  brought  to  an  end  by  the  accumulation  of  its  own  sedi- 
ments, by  negative  movements  of  the  strand,  and  by  the  folding  of  the 
mountains.  The  eastern  Alps  afibrd  us  examples  which  are  no  less  striking, 
and  we  must  admit  with  Neumayr  the  existence  of  a  central  Mediterranean, 
which  extended  as  early  as  the  Trias  from  Asia  across  the  south  of  £urope, 
over  part  of  the  region  of  the  existing  Mediterranean  to  beyond  Gibraltar. 
That  this  sea  passed  across  the  Atlantic  even  before  the  deposition  of  the 
Cenomanian  on  the  coasts  around  this  Ocean  is  proved  by  indications  in 
the  Jura,  and  by  characters  even  more  definite  in  the  lower  Cretaceous 
marine  fauna  of  Bogota. 

The  enlargement  of  this  central  Mediterranean,  which  originally  ex- 
tended parallel  with  the  equator,  may  have  subsequently  given  birth  to  the 
Atlantic  by  a  succession  of  subsidences.  Even  in  the  Weald  the  fresh- water 
beds  on  the  coast  of  Portugal  and  north  Spain  are  cut  ofi*  abruptly  by  the 
sea.  The  occurrence  in  the  West  Indian  islands  of  many  corals  charac- 
teristic of  the  Turonian  of  Europe  presupposes  a  coast-line,  or  at  least 
a  number  of  fairly  large  islands  in  the  midst  of  the  existing  Ocean,  to 
render  the  migration  of  the  corals  possible  (I,  p.  281). 

It  is,  therefore,  probable  that  even  before  the  time  of  the  Cenomanian 
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the  ancient  sea  which  stretched  from  Europe  to  the  West  1 
experienced  a  considerable  extension  by  the  addition  of  fresh  s 
and  that  from  this  extended  region  the  Cenomanian  iransgrei 
ceeded,  bat  at  the  same  time  it  is  equally  probable  that  sini 
increase  has  taken  place  by  the  occurrence  of  yet  other  subsidem 

The  mutual  encroachment  of  transgressions  and  tectonic 
renders  a  complete  solution  extremely  (Ufficult,  and  we  are  co 
express  ourselves  with  great  reserve.  Steinmann  met  with 
sandstone  in  Bolivia,  lying  in  horizontal  beds  at  a  height  of  4, 
above  the  sea.  He  was  led  to  conclude  that  since  its  fom 
surface  of  the  sea  must  have  moved  so  much  nearer  to  the  ce 
earth  V 

For  the  present  we  may  content  ourselves  with  the  concluai< 
existing  oceans  are  of  different  ages,  and  turn  our  attention 
question. 

In  the  opening  pages  of  this  book  the  outlines  of  the  cont 
rowing  away  to  the  south,  were  described  as  the  most  striking 
the  map  of  the  world ;   and  it  was  further  observed  (I,  p.  5 
attempt  to  comprehend  the  movements  and  changes  of  form  of 
crust  must  take  into  account  these  great  features  of  the  planetai 

The  wedge-shaped  form  appears  in  four  typical  cases: 
America,  South  Africa,  India  and  Greenland,  and  thus  in  the  n 
latitudes.  Other  examples  of  less  importance  might  be  cited,  i 
peninsula  of  Sinai  and  the  Crimea ;  even  in  the  interior  of  the 
similar  outlines  may  be  seen,  as  for  example  in  the  Bohemian  m 

South  America,  formed  in  the  west  and  south  by  the  e? 
a  curved  mountain  range,  in  the  east  of  alluvial  land,  deviates 
from  the  other  examples  in  structure,  and  may  be  left  out  of  ace 
three  remaining  examples  are  table-lands.  Greenland  is  a  rac 
the  Atlantic,  the  table-land  of  Old  Bed  sandstone :  India  is 
segment  of  the  Gondwd.na  table-land :  South  Africa  is  another 
same  table-land. 

Greenland  exhibits  beds  of  the  Asiatic  Arctic  type  resting 
eastern  coast,  and  beds  of  the  Atlantic  type  on  its  western  « 
coast-lines  of  different  seas  meet  in  cape  Farewell.  These  fact 
explained  by  the  elevation  theory.  Greenland  is  a  horst  of  the 
between  two  or  more  sunken  areas  of  different  age. 

India  rises  in  the  same  way  between  the  bay  of  Bengal  and  t 
sea,  and  South  Africa  between  the  two  Oceans :  in  these  cases  tl 
tion  of  the  Gondwina  formations  and  the  lie  of  the  thick  pi 
beds,  which  in  the  case  of  Africa  boldly  face  the  sea,  are  suffi 

^  Steinmann,  Compte  rendu,  69°^®  Session  de  la  Societe  helvetienne ;  Ai 
et  nat.  Geneve,  1886,  p.  93. 
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of  the  fracture.  The  various  deposits  resting  against  these  masses  indicate 
the  age  of  the  different  coast-lines  (I,  p.  418).  The  elevation  theory  cannot 
explain  how  a  table-land  of  plant-bearing  beds,  /such  as  this,  which  has 
never  been  covered  by  marine  deposits,  could  have  been  raised  from  the 
depths  of  the  sea. 

In  like  manner  the  peninsula  of  Sinai,  the  Crimea,  and  the  Bohemian 
mass  are  bounded  on  the  south  by  the  convergent  edges  of  regions  of 
subsidence. 

Thus,  as  our  knowledge  becomes  more  exact,  the  less  are  we  able  to 
entertain  those  theories  which  are  generally  offered  in  explanation  of  the 
repeated  inundation  and  emergence  of  the  continents. 
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CHAPTER  VII 

TERTIARY  SEAS  AND  RECENT  LIMESTOli 

FORBIATIONS 

Negative  phase  at  the  close  of  the  Cretaceous  period.  The  central  Medil 
the  Tertiary  aera.  The  east  coast  of  North  America.  The  Tertiary  region  o; 
Recent  limestone  formations.    Summary. 

1.  Negative  phase  at  the  close  of  the  Cretaceous  period.  To 
end  of  the  Cretaceous  period  events  occurred  similar  to  those  w 
acterized  the  later  ages  of  the  Jurassic  period.  The  sea  was  i 
area.  The  prairie  land  of  North  America,  from  Canada  down  to 
Alabama,  was  laid  dry,  and  the  Laramie  stage,  formed  of  altematin 
and  fresh-water  beds,  corresponds  to  this  period  of  the  retreati 
The  mammalian  fauna  of  the  Tertiary  aera  had  not  yet  made  i 
anc^,  but  great  reptiles  were  the  most  striking  representati^ 
terrestried  fauna,  as  in  the  Cretaceous  period.  During  the  s^ 
the  basin  of  the  Amazon  was  abandoned  by  the  sea :  the  bracl 
deposits  of  Pebas  are  the  only  traces  so  far  known  of  the  influe 
sea  in  post-Cretaceous  times;  they  belong  to  the  Ek)cene  or 
period  (I,  p.  512).  Simultaneously  the  strand  receded  from  nort 
in  England,  the  horsts  of  central  Europe  were  abandoned  by  t 
Russia  the  shore  receded  to  the  south.  Far  and  wide  fresh  lan( 
appearance. 

When  the  negative  phase,  towards  the  end  of  the  Jurassic  f 
attained  its  maximum,  the  sea  occupied  the  central  Mediterranea 
words  the  site  of  the  younger  folded  ranges  of  western  Eurasia ;  1 
this  region,  over  an  area  extending  up  to  its  borders,  as  in  th( 
example,  deposits  of  gypsum  were  first  laid  down,  and  then  an  t 
of  fresh-water  and  marine  beds  which  still  bore  a  Jurassic  facies. 

Events  followed  much  the  same  course  towards  the  en 
Cretaceous  period. 

From  Spain  through  the  south  of  France,  and  particularly  in 
we  find,  resting  on  the  marine  Cretaceous,  fresh-water  beds, 
followed  in  certain  areas  by  a  series  with  marine  shells  of  Cretac 
This  is  Leymerie*s  Garv/mnian  stage.    It  occupies  the  same  pos 
regard  to  the  Cretaceous  system,  as  the  Purbeck  to  the  Jurassic. 
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The  Garumnian  stage  has  been  studied  in  Catalonia  by  Vidal,  by 
Mallada  in  Huesca,  and  by  Leymerie,  Matheron,  and  others  in  the  south  of 
France  ^ 

In  the  Jura  we  found  it  possible,  notwithstanding  the  folding,  to  deter- 
mine the  outlines  of  the  several  lacustrine  areas,  which  were  formed  at  the 
close  of  the  Jurassic  and  the  beginning  of  the  Cretaceous  period,  and 
similarly  in  the  present  instance,  in  spite  of  foldings  and  various  sub- 
sequent dislocations,  we  are  already  in  possession  of  data,  thanks  to  the 
zeal  of  observers,  which  will  enable  us  to  ascertain  the  course  of  events 
during  this  phase,  equally  negative,  which  marks  the  transition  from  the 
Cretaceous  to  the  Tertiary  aera. 

The  lowest  member,  as  in  the  Jurassic,  is  the  most  restricted  in  dis- 
tribution. It  consists  of  the  lignitiferous  fresh-water  beds  of  Fuveau. 
These  rest  on  the  upper  Cretaceous,  which  has  already  acquired  a  brackish 
water  character:  they  occur  only  in  the  neighbourhood  of  Marseilles, 
extending  westwards  from  this  town  as  far  as  Martigues  on  the  £tang  de 
Berre,  and  for  about  the  same  distance  to  the  north  and  east  They  were 
probably  deposited  at  the  mouth  of  a  river. 

Above  them  come  the  fresh- water  limestones  of  Rogriac,  distinguished 
by  Lychnus  and  other  fresh- water  genera,  which  do  not  pass  upwards  into 
the  beds  above:  the  fauna,  while  purely  fresh- water,  is  still  thoroughly 
Cretaceous ;  land  reptiles  of  Cretaceous  age  are  also  present.  Over  wide 
areas  this  division  begins  with  a  bed  of  bauxite  (aluminium  hydrate).  It 
extends  from  the  Var  across  the  Bouches-du-Bhdne,  Vaucluse,  Card, 
H^rault,  and  Aude,  and  passes,  in  Ari^e,  into  continually  closer  relations 
with  the  uppermost  beds  of  the  marine  Cretaceous,  which,  in  the  Haute- 
Garonne,  loses  more  and  more  its  fresh- water  intercalations  ^.  The  Bognac 
beds  also  occur  in  the  north  of  Spain. 

The  third  member  consists  in  the  east  of  layers  of  red  clay,  sandstone 
and  pebble  beds ;  to  the  west,  on  leaving  the  Rhone,  the  red  clays  increase 
in  thickness ;  they  are  known  as  the  *  argiles  rutUaTites,'  their  brilliant 
colouring  rendering  them  a  conspicuous  feature  in  the  landscape;  they 
extend  over  Hdrault  and  Aude,  and  reappear  with  the  same  characters 
beyond  the  Pyrenees,  still  possessing  a  considerable  thicknes&  They  are 
very  poor  in  fossils.  In  Provence  the  upper  beds  contain  species  of  Physa, 
Lymnaea,  and  Planorbis,  existing  genera  of  pond  and  marsh  snails ;  these 
continue  into  the  succeeding  beds.  All  Cretaceous  types  have  now  dis- 
appeared, among  them  the  genus  Pyrgulifera,  which  however  still  main- 

'  We  need  only  mention  here  the  succinct  account  by  P.  Matheron,  Note  sur  les 
depdts  cr^tac^B  lacustres  et  d*eau  saum&tre  du  Midi  de  la  France ;  BulL  Soc.  g^L  de  Fr., 
1875-1876,  8*  i^r.,  IV,  pp.  415-428. 

*  Croiiien  de  LEK^vivier,  Etudes  g^ologiques  sur  le  d^partement  de  TAri^ge ;  Ann.  sci. 
g^L,  1884,  XV,  pp.  1-293,  in  paijbicular  p.  250. 
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tains  its  existence  in  lake  Tanganyika.    Above  the  days  f< 
fresh-water  limestone,  with  Physa,  and  then  the  marine  Eocene. 

It  is  thus  the  red  clays  which  mark  the  division  between 
At  their  base  the  rich  Cretaceous  fauna  of  Rognac  has  disap] 
from  this  time  onwards  the  younger  forms  prevail.  Matheron  1 
this  out  in  clear  relief,  and  Boule,  in  his  admirable  description 
posures  in  Provence,  has  placed  the  limit  between  Cretaceous  ai 
at  the  base  of  these  clays  ^ 

The  same  interruption  of  the  marine  series  between  the 
and  Eocene  is  repeated  in  the  region  north  and  east  of  th< 
Stache's  investigations  show  that  from  Carinthia,  through 
islands  of  the  Quamero  and  a  great  part  of  Dalmatia,  a  varii 
intercalated  brackish  or  fresh- water  beds  appears  on  the  hori 
Sebenico  the  fresh-water  limestone  rests  on  an  eroded  surface  of 
limestone.  A  pre-Tertiary  red  earth  also  takes  part  in  these 
The  whole  group  of  beds  has  been  named  by  Stache  the  Libui 
and  correlated,  at  least  in  its  lower  part,  with  the  Qarumnian  si 

Thus  at  the  close  of  the  Cretaceous  period  the  sea  had  a^ 
extremely  restricted.  We  now  reach  the  first  great  stage  of 
Tertiary  deposits.  As  we  approach  nearer  to  existing  times  th< 
recorded  observations  increases,  but  at  the  same  time  the  imun 
of  facts  becomes  almost  overwhelming,  and  description  corr 
difficult,  since  so  much  has  to  be  condensed.  To  give  in  a 
a  fairly  adequate  account  of  the  subject  I  must  refrain  almost 
from  citing  the  sources  of  my  information,  and  I  must  rest 
to  discussing  the  Tertiary  and  more  recent  marine  deposi 
regions  only. 

The  first  of  these  is  that  which  we  have  already  alludes 
central  Mediterranean ;  the  second  is  that  of  the  west  Atlantic 
lat.  43°  N.  to  the  valley  of  the  Orinoco ;  the  third  is  formed  I 
gonian  plains  from  Paran&  to  Tierra  del  Fuego. 

With  regard  to  Australia,  especially  the  Bunda  plateau,  and 
of  Tertiary  deposits  on  the  east  coast,  I  must  refer  to  what  ht 
already  (II,  pp.  152,  162).  The  Tertiary  deposits  of  the  Pacii 
unfortunately  still  little  known.  The  T^jon  group  of  California 
recently  been  assigned  to  the  Elocene,  contains  Ammonites,  ai 
several  respects  from  the  European  and  the  eastern  American 
same  is  true  of  the  deposits  of  the  island  of  Quiriquina,  in  Chil 

*  L.  Roule,  Recherches  sur  le  terrain  fluvio-lacastre  inferieur  de  la  Prove 
g6ol..  1885,  XVIII,  in  particular  p.  129. 

•  G.  Stache,  Die  liburnische  Stufe,  Verb.  k.  k.  geol.  Reichs.,  1880,  pp.  19 
same,  Ueber  das  Alter  von  bohnerzfilhrenden  Ablagerungen  am  '  Mont^ 
Dalmatien,  op.  cit.,  1886,  pp.  885-387  et  passim. 
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referred  by  some  authors  to  the  Cretaceous,  by  others  to  the  Tertiary^. 
Folded  Tertiary  beds  occur  in  the  coastal  chains  of  California,  but  their 
exact  age  has  yet  to  be  determined. 

2.  The  central  Mediterrariean  of  the  Tertiary  aera.  By  the  region  of 
the  central  Mediterranean  we  understand,  according  to  Neumayr's  definition, 
a  broad  zone  embracing  the  Betic  cordillera,  the  whole  Alpine  system,  and 
the  larger  part  of  the  great  ranges  of  Asia ;  from  the  Trias  upwards  it  is 
distinguished  by  an  uninterrupted  series  of  marine  sediments.  When 
towards  the  end  of  the  Jurassic,  a  negative  phase  set  in  over  a  considerable 
part  of  Europe,  and  the  Purbeck  and  Wealden  beds  were  deposited,  this 
region  still  remained  covered  by  the  sea.  The  same  was  the  case  when  the 
negative  phase,  which  occurred  at  the  limit  between  the  Cretaceous  and 
Tertiary,  made  itself  felt.  In  the  central  Mediterranean  region  marine 
Cretaceous  beds  are  covered  by  marine  Tertiary  beds,  and  both  have  sub- 
sequently been  folded.  But  this  continuity  is  not  confined  to  great  folded 
ranges ;  Zittel  has  shown  that  the  marine  Eocene  beds  of  the  Libyan  desert 
rest  directly  upon  the  marine  Cretaceous  ^.  The  Qarumnian  stage  in  Spain 
and  the  south  of  France,  as  well  as  the  Libumian  stage  in  the  region  of  the 
Adriatic,  only  represent  marginal  deposits  of  this  sea,  which  doubtless  was 
very  much  restricted. 

The  strand  having  sunk  to  its  lowest  level  now  began  to  ascend ; 
through  many  oscillations  the  Eocene  sea  extended  itself  over  the  basin  of 
Paris  and  a  part  of  Belgium  into  the  south-east  of  England.  Strange  and 
remarkable  faunas  appear  and  disappear,  like  those  of  the  sands  of  Bracheux 
and  the  limestone  of  Mons,  until  finally  the  typical  beds  of  the  French 
Eiocene,  the  Sables  inf^rieurs  and  the  Calcaire  grossier  of  the  Paris  basin, 
were  laid  down.  It  is  also  evident  that  the  Eocene  sea,  extending  from 
the  Atlantic,  invaded  the  valley  of  the  lower  Loire.  At  the  same  time  its 
sediments  were  spread  out  from  the  Carpathians  and  the  Crimea  over  a  large 
part  of  south  Russia. 

From  the  Betic  Cordillera  the  Eocene  sea  extended  to  north  Africa ;  it 
embraced  a  large  part  of  the  eastern  Sahara,  then  Syria,  Arabia  and  Persia. 
From  the  great  ranges  of  India  it  spread  over  Cutch  and  Guzerat,  and 
over  the  plateau  of  Shillong. 

Its  sediments  occur  everywhere  in  the  folded  mountain  chains,  pro- 
ceeding from  the  west  through  the  Alps  and  Carpathians,  the  Apennines, 
and  through  the  Crimea  to  the  Him&laya:  between  the  inner  chains  of 
the  Himilaya  a  band  of  marine  lower  Tertiary  has  been  traced  for  a 

*  C.  A.  White,  The  Chico-T^jon  Series,  Bull.  U.S.  Geol.  Surv.  Territories,  1885,  No.  15, 
pp.  11-17;  B*  A.  Philippi,  Ueber  die  Verateinerungen  der  Terti&rformation  Chilee, 
Zeitschr.  geaammt.  Nat.,  1878,  3.  Folge,  III,  pp.  674-684 ;  near  Quiriquina  Plesiosaurus, 
Bacolites,  Trigonia  occur  in  tiiese  beds. 

'  K.  Zittel,  Beitrftge  zur  Geologie  und  Pal&ontologie  der  Libyschen  Waste,  4to,  Cassel, 
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distance  of  SCO  kilometers,  and  it  rises  above  Leh  to  a  height 
feet  (I,  p.  488).  The  further  continuation  of  these  sediments  in 
ranges  of  Thibet  is  not  known,  but  Eocene  deposits  are  seen  again 
From  the  plateau  of  Shillong  they  extend  into  the  folds  of  Bun 
older  Tertiary  beds  of  the  Malay  arc  from  Sumatra  to  Borneo  ai 
of  marine  origin:  there  is  much  difference  of  opinion  as  to  th* 
age.  Some  traces  of  Eocene  have  been  said  to  occur  in  Madag 
but  this  statement  has  not  yet  received  confirmation. 

Notwithstanding  the  fragmentary  state  of  our  knowledge  it 
that  sediments  of  the  Ek^ene  sea  extend  over  the  south  of  ] 
folded  ranges,  and  that  outside  these  ranges  outposts  of  flat-lyin 
occur ;  in  the  north,  as  far  as  England  and  over  the  south  of  Rusi 
south,  from  the  Sahara  across  Arabia,  Cutch,  Guzerat,  and  to  th 
putra.  In  biieadth,  this  sedimentary  zone,  interrupted  by  islanc 
from  London  to  Khartoum,  and  from  Kiev  to  the  Indian  Ocean. 

Notwithstunding  its  wide  extent,  the  sediments  of  this  sea  ai 
seen  to  overdep  the  limits  of  the  Cretaceous  area.  In  Europe  its  d 
is  more  restricted  than  that  of  the  Chalk ;  in  the  whole  of  the  s 
the  Sahara  to  Guzerat  its  sediments  terminate  in  an  escarpmen 
Arabia,  in  steep  clifis,  or  again,  as  in  Shillong,  by  a  flexure ;  they 
where  superposed  normally  and  conformably  on  the  Cretaceous 
southern  shore  is  unknown. 

In  the  west  of  Europe,  where  more  detailed  observations  i 
disposal,  a  negative  phase  may  again  be  recognized.  The  south  c 
was  laid  dry,  and  the  Hempstead  series  was  deposited  in  fresh  wi 
valley  of  the  Seine  was  also  abandoned  by  the  sea,  and  the  ( 
MordmaHre  was  deposited  ;  beds  of  gypsum  belonging  to  this  per 
into  Provence  and  into  the  neighbourhood  of  Miihlhausen  in  Alsf 
northern  Germany,  which  was  not  covered  by  the  sea,  a  great  foi 
brown  coal  acciunulated.  This  negative  phase  marks  the  boundar 
the  Eocene  and  Oligocene. 

Once  more  Europe  experienced  a  positive  movement  of  the  s 
the  Oligocene  sea  made  its  appearance.     The  beds  of  Castel  Go 
the  southern  Alps,  distinguished  by  a  rich  marine  fauna  and  in 
by  numerous  corals,  are  known  in  many  localities  as  far  as  Sue 
as  in  Armenia.     They  extend  into  the  south  of  France,  overlie 
water  beds  and  gypsum  of  the  preceding  negative  phase,  are  e 
Bordeaux,  then  at  Rennes,  and,  as  the  sands  of  Fontainebleau, 
basin  of  Paris,  where  they  extend  to  the  south  somewhat  b€ 
boundary  of  the  marine  Eocene:   they  are  represented  in  Eng 
by  brackish-water  deposits;   finally  we   meet  with  them  as  tl 
sands  of  Weinheim  in  the  Rhine  valley  near  Mainz,  and  even  a 
city.     These  marine  sands  are  covered  by  blue  clay,  the  septaria 
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the  Rupelian  clay  of  Dumont.  Opinions  differ  as  to  whether  the  marine 
sands  entered  the  Rhine  valley  from  the  north  or  the  south,  but  the 
northern  origin  of  the  superimposed  septarian  clay  is  indisputable  \  The 
corals  of  Castel  Gomberto  are  rare  near  Bordeaux  (Gaas);  in  the  Paris 
basin  and  at  Mainz  they  have  as  good  as  disappeared,  but  the  molluscan 
fauna  is  still  that  of  a  warm  temperate  climate.  In  the  clay,  on  the  other 
hand,  species  of  boreal  type  predominate;  this  marine  clay  extends  far 
over  north  Germany,  through  Berlin  to  Stettin  and  Eonigsberg ;  it  is  the 
same  as  that  already  mentioned  as  extending,  according  to  Elarpinsky, 
over  the  Russian  plain,  and  on  the  east  side  of  the  Urals  as  far  as  lat.  58"*  N. 
(I,  p.  322).  About  this  time,  therefore,  the  sea  advanced  from  the  north 
over  the  region  of  the  Obi,  then  south  of  the  Ural  to  Europe,  and  extended 
over  Germany  to  Belgium. 

Thus  the  course  of  the  ancient  marine  transgressions  over  the  Russian 
Platform  has  been  as  follows :  from  the  south  in  the  Callovian,  from  the 
north  during  the  Volga  stage,  from  the  south  in  the  Cenomanian,  and  from 
the  north  in  the  Oligocene  period. 

The  shores  receded  once  again.  The  Aquitanian  lignite  measures  and 
the  lower  fresh-water  molasse  of  Switzerland  were  deposited  in  central 
Europe.  The  succeeding  positive  phase,  however,  again  falls  within  the 
range  of  those  events,  which  have  already  been  discussed  in  our  sketch 
of  the  history  of  the  Mediterranean. 

The  deposits  of  the  first  Mediterranean  stage  extend  from  the  Azores 
and  Madeira  through  the  south  of  Europe,  across  Asia  Minor  and  Armenia 
to  Persia.  In  his  latest  travels,  Griesbach  found  Tertiary  beds,  which  may 
be  the  continuation  of  this  great  zone,  in  Ehorassan ;  they  contain  marine 
shells  which  he  regards  as  Miocene,  and  form  a  belt  on  the  southern  border 
of  the  Aralo-Caspian  area,  passing  through  Badghis,  Maimeni,  and  even 
to  beyond  Taschkugan.  Even  across  the  Oxus,  near  Kilif,  north  of  Balk, 
this  indefatigable  investigator  found  inclined  beds  of  limestone  rising  from 
the  Turkmenen  steppe,  and  containing  Ostrea,  Pecten,  and  Polyzoa:  he 
assigns  them  to  Abich's  Salt  formation  ^ 

From  these  facts  we  perceive  what  a  va^t  extension  the  ancient 
central  Mediterranean  still  possessed  in  the  middle  of  the  Tertiary  aera, 
when  a  fauna  was  already  in  existence  closely  resembling  that  of  the 
present  Mediterranean.  The  shells  collected  in  Persia  show,  however,  that 
the  communication  with  India,  which  was  still  open  during  the  Eocene 
period,  now  no  longer  existed. 

'  A.  Andreae  und  W.  Kilian,  Briefwechsel  fiber  dat  Alter  dee  MelanienkaUres  and  die 
Herkunft  des  Tertiftrmeeres  im  Rheinthale ;  Mitth.  Comm.  geol.  LandesanterBucli.  von 
BliUB-Lothr.,  1, 1885,  pp.  72-82. 

*  C.  L.  Grietbach,  Field-notes  from  Afghanistdn,  Rec.  Geol.  Surv.  India,  1886,  XIX, 
p.  257 ;  and  by  the  same,  Field-notes  No.  5  to  accompany  a  geological  Sketch-map  of 
AfghanifUnand  North-Eastem  Khorassan,  op.  cit,  1887,  XX,  p.  199. 
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In  Europe  the  northern  shore  ran  up  the  Rhone  valley,  indui 
of  the  Jura,  and  proceeded  from  the  south  margin  of  the  Blad 
that  of  the  Bohemian  mass,  and  along  the  eastern  side  of  the  Mf 
the  Sudetes  to  Silesia. 

In  the  East  over  a  vast  area  evaporation  next  set  in. 

This  was  the  time  of  the  ScUier^  the  deposit  of  an  expiring 
salt  beds  of  the  Carpathians  were  then  formed,  and  probably  al 
time  the  great  salt  beds  of  Persia  and  Turkestan.  Communic 
the  Rhone  valley,  across  the  existing  Jura,  had  by  this  time  cea» 

The  blue  marl  of  the  Schlier  is  covered  here  and  there  by  f 
deposits:  tectonic  changes  occurred  in  central  Europe:  then 
second  Mediterranean  stage.  By  this  time  the  greater  part  o 
appears  to  have  been  abandoned  by  the  Mediterranean,  at  all 
asserted  presence  in  Persia  requires  confirmation.  To  the  noi 
Crimea  it  still  persisted,  even  as  far  north  as  the  valley  of  th( 
and  has  left  behind  some  scattered  deposits.  In  lower  A 
Hungary  it  entered  freshly  subsided  areas  of  great  size  lying  ir 
of  the  mountains,  but  Bavaria  and  upper  Austria  were  no  longer 
by  it 

A  negative  phase  next  followed,  and  isolated  the  SamuUian  i 
whole  valley  of  the  Danube,  Qalicia,  the  south  of  Russia,  an 
remains  of  the  Aralo-Caspian  area  were  now  abandoned  by  the 
Mediterranean  was  then  restricted  by  another  negative  mo 
a  space  even  much  smaller  than  that  it  at  present  occupies, 
boundary  probably  lay  near  Corsica  and  Sardinia.  At  the  be 
this  period  erosion  of  the  valleys  occurred,  as  in  the  Rhone  vi 
parts  of  western  Hungary,  and  doubtless  elsewhere :  later  on  gr 
seas  existed,  in  which  the  Cardium  beds  of  the  Pontic  stage  were 
but  the  arrival  of  marine  fishes,  which  ascended  the  rivers  to  sp 
lakes,  suggests  that  the  negative  period  had  already  passed  i 
which  corresponds  in  fact  with  the  erosion  of  the  pre-Pont 
Up  to  the  present  we  know  of  no  true  marine  deposits  of  this  pe; 
Mediterranean  region,  and  thus  Neumayr  was  justified  in  supp 
the  strandrlin^  at  this  time  was  probably  situcUed  lower  than 
(I,  p.  885). 

A  gap  occurs  in  the  Mediterranean  series  at  this  point ;  it 
culmination  of  the  negative  movement,  and  it  is  at  precisely  tl 
that  the  limit  is  usually  drawn  on  palaeontological  grounds  be 
Miocene  and  Pliocene. 

It  is  true  that  a  positive  phase  again  followed,  but  the  sea  of 
Mediterranean  stage  was  far  from  attaining  its  former  extent 
was  even  much  more  restricted  than  at  present,  although  the  st 
somewhat  higher,  since  the  subsidences  in  the  region  of  the  Adria 
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Syrian  coast,  and  in  the  Aegean,  had  not  yet  occurred.  Next  came  the 
fourth  Mediterranean  stage,  and  the  temporary  northern  immigration ; 
this  time,  however,  not  from  Siberia  towards  central  Europe,  as  in  the 
Oligocene  period,  but  from  the  Atlantic  Ocean.  Local  subsidences  followed ; 
the  Pontus  was  annexed,  and  the  present  state  of  things  established. 

If  we  disregard  the  tectonic  incidents,  that  which  we  observe  is  an  alter- 
nation of  positive  and  negative  phases  of  different  value ;  in  eeuch  succeeding 
alternation  the  positive  phase  had  less  and  less  effect  in  extending  the 
confines  of  the  sea,  or  its  area,  as  compared  with  the  preceding  positive 
phase,  was  reduced ;  until  the  negative  maximum  supervened  in  the  period 
of  erosion  which  preceded  the  Pontic  lakes. 

This  gradual  reduction  was  interrupted  by  a  temporary  transgression 
of  the  boreal  sea  in  the  Oligocene  period. 

The  gain  due  to  the  slightly  higher  level  of  the  existing  strand,  and  to 
the  addition  of  insunken  areas,  was  by  no  means  sufficient  to  balance  the 
loss  resulting  from  the  decrease  in  amplitude  of  the  positive  movement, 
and  thus  the  existing  Mediterranean  has  come  to  represent  the  remains  of 
an  Ocean,  which  even  at  the  commencement  of  the  Tertiary  aera  still 
extended  over  central  Asia. 

An  excellent  idea  of  the  way  in  which  these  phases  succeeded  each 
other  may  be  obtained  from  Iwanow's  map  of  the  government  of  Stavropol. 
North  of  Pjatigovsk  there  rises  a  boss  of  quartz  porphyry,  surrounded  by 
sandstone  belonging  to  some  early  stage  of  the  Tertiary;  the  second 
Mediterranean  stage  follows  on  the  north,  extending  from  Giorgiensk  to 
beyond  Stavropol;  it  is  horizontally  stratified  and  covers  a  considerable 
area;  towards  the  north,  i. e.  towards  the  Manytsh,  it  is  followed  in  its 
turn  by  the  Sarmatian  stage,  also  flat ;  this  lies  in  a  synclinal,  and  beyond 
the  Manytsh  the  other  flank  of  the  synclinal  makes  its  appearance :  then 
follows  within  this  synclinal  of  Sarmatian,  a  second,  of  Pontic  beds;  in 
this  lies  a  third  of  Aralo-Caspian  deposits,  and  in  this  flows  the  river 
Manytsh  ^ 

8.  The  east  coast  of  North  America.  With  riegard  to  this  region  a 
number  of  facts  of  general  importance  have  already  been  discussed 
(I,  p.  281) :  a  detailed  description  has  been  given  of  the  stratified  succession 
in  Antigua  (II,  p.  135),  so  that  we  shall  be  able  to  treat  with  greater 
brevity  the  relations  of  the  Tertiary  beds  on  the  west  coast  of  the 
Atlantic  with  those  of  Europe :  the  facts  bearing  on  this  subject  are  mostly 
taken  from  Heilprin's  latest  works  '. 

*  Iwanow,  Geologische  Karte  des  Stawroporschen  Quberniums ;  Gornoi  Journ.,  1887, 
No.  7. 

*  A.  Heilprin,  Contribution  to  the  Tertiary  Geology  and  Palaeontology  of  the  United 
States,  4to,  Philadelphia,  1884,  map  ;  for  the  middle  Tertiary  beds  of  North  Jeney,  by 
the  same,  Proc.  Acad.  Nat  Sci.  Phil.,  1886,  p.  351 ;  farther,  by  the  same.  Explorations  on 
the  West  Coast  of  Florida  and  in  the  Okeechobee  Wildemesa ,  Wagner,  Free  Inst  Sci. 
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The  gradual  retreat  of  the  strand  is  much  less  deariy  expre 
Atlantic  coast  of  Europe  than  on  the  Mediterranean,  because  it 
broken  by  rias  coasts  and  is  in  general  much  more  diversifi 
Guadalquivir,  in  Portugal,  and  on  the  Oironde,  however,  the  ret; 
readily  recognized.  The  American  coast  of  the  Ocean  pooooooc 
structure.  On  the  island  of  Martha's  Vineyard  (lat.  41*  W  N 
marine  Tertiary  strata  occurs,  which  rests  r^ralarly  against  th 
and  borders  the  Ocean,  proceeding  through  the  peninsula  of  \ 
the  Antilles  to  the  Orinoco,  that  is  through  more  than  88 
latitude.  These  beds  rest  conformably  on  the  upper  Chalk 
distances,  but  are  separated  from  it  in  the  south  by  an  '  eo-li^ 
and  they  are  so  disposed  that  successively  younger  members  a; 
approach  the  sea.  From  this  we  may  draw  two  conclusions :  fii 
has  been  a  littoral  region  since  the  Cretaceous  period,  and  ne 
coast-line  has  progressively  receded. 

Tet  each  of  these  results  requires  some  modification. 

Although  for  33  degrees  of  latitude  the  marine  beds  lie  ai 
deposited  since  the  middle  of  the  Cretaceous,  yet,  apart  fron 
Cretaceous  fauna  of  Bogota  and  the  Cretaceous  corals  of  Jamai 
such  a  close  correspondence  of  the  Oligocene  corals  of  Caste 
near  Vicenza  and  of  the  first  Mediterranean  stage  near  Turin 
of  the  homotaxial  deposits  in  the  Antilles,  that  to  account  for 
bution  of  these  corals  we  are  compelled  to  assume  the  existence 
of  islands  or  a  continuous  coast-line,  which  as  late  as  the  first  Me< 
stage  extended  through  the  tropical  zone. 

The  strand  no  doubt  receded  progressively,  yet  it  is  noi 
probable  that  here,  as  in  Europe,  the  existing  level  is  not  the  lo 
has  been  experienced.     The  facts  are  as  follows : — 

The  Tertiary  selvage  runs  parallel  to  the  coast  from  I) 
through  both  the  Carolines  and  Georgia ;  in  Georgia  it  is  nearl; 
meters  in  breadth,  and  its  boundary  bends  in  south  Alabama  gi 
the  north,  extends  beyond  the  mouth  of  the  Ohio  into  the  Missi 
from  there  crosses  the  Rio  Grande  above  Laredo  to  the  south- 
the  other  members,  including  the  Orbitoides  limestone,  follow 
coast  of  the  gulf  of  Mexico;  there  they  are  covered  by  the  d 
a  great  inland  sea,  the  Grand  Gulf  series,  which  is  absent  on  tl 
coast  (I,  Fig.  87,  p.  284).    At  the  same  time,  however,  the  Olig 
Miocene,  consequently  the  younger  members  of  the  Tertiary  zor 
to  the  south  through  Florida  towards  the  Antilles.    Thus  Floric 
were,  one-sided,  since  the  supposed  equivalents  of  the  Europeai 
occur  only  along  the  Atlantic  coast. 

Phil.,  8vo,  Philadelphia,  1887 ;  W.  H.  Dall,  Notes  on  the  Geology  of  Florida, 
ScL,  1887,  XXXIV,  pp.  161-170. 
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But  Heilprin  has  shown,  in  confirmation  of  C!onrad*s  statements  ^,  that 
while  these  representatives  of  the  Miocene  ai*e  present  all  along  the  coast- 
line, from  the  north  downwards,  yet  they  are  immediately  followed  by 
beds  containing  a  much  younger  fauna,  very  similar  to  that  now  existing, 
jmd  described  as  post-Pliocene,  and  further  that  as  far  south  as  Florida  no 
one  has  yet  succeeded  in  discovering  an  equivalent  of  the  European  Pliocene. 

In  the  gulf  of  Mexico,  about  the  mouth  of  the  Mississippi,  the  very 
young,  certainly  post-Pliocene  beds  of  the  Port  Hudson  group,  rest  directly 
on  the  limnic  beds  of  the  Great  Gulf  series  (lat.29°-81**  N.).  In  south  Florida, 
on  the  other  hand,  new  members  make  their  appearance.  On  the  river 
Caloosahatchie  (lat.  26**  80-26**  Aff  N.)  the  Florida  stage,  rich  in  moUusca, 
appears,  which  Heilprin  is  inclined  to  compare  with  the  European  Pliocene. 
The  existing  sediments  appear  as  the  direct  continuation  of  the  very  flatly 
bedded  sediments  of  the  preceding  period,  and  the  gradual  retreat  of  the 
strand  finds  expression  in  the  fact  that  the  older  beds  were  deposited  in 
deeper  water,  the  younger  in  less  deep.  Dall,  it  is  true,  believes  that  here 
also  he  has  found  traces  of  oscillations. 

The  younger  zones  of  Florida  are  continued  into  the  outer  zone  of  the 
Antilles. 

In  this  important  region  of  North  America,  where  many  questions 
still  await  solution,  investigation  will  certainly  bring  to  light  much  that 
is  new:  at  present  we  may  record  the  fact  that  in  the  region  of  the 
European  Mediterranean  a  regular  negative  maximum  occurred  between 
the  Miocene  and  Pliocene,  from  which  we  may  conclude  that  the  strand- 
line  in  this  region  then  stood  at  a  lower  level  than  at  present,  and  that 
on  the  other  side  of  the  Ocean,  in  about  the  same  latitude  and  still  a  little 
further  to  the  south,  a  gap  occurs  between  the  supposed  upper  Pliocene 
and  the  poet-Pliocene,  which  overlies  it :  further  to  the  south,  however, 
in  Florida,  this  gap  has  not  been  shown  to  exist. 

4.  77ie  Tertiary  land  of  Patagonia.  The  Tertiary  beds  which  advance, 
south  of  Paran&,  through  20  degrees  of  latitude  to  the  Atlantic  coast, 
differ  from  those  of  North  America  in  two  respects:  in  the  first  place 
they  include  a  series  of  terrestrial  formations,  with  which  occasional 
marine  beds  are  intercalated;  and  next,  these  terrestrial  deposits  end 
against  the  sea-coast,  in  such  a  manner  as  to  show  that  the  mainland 
once  extended  much  further  to  the  east.  In  the  north  they  proceed 
a  long  way  up  the  Paranfi,  and  towards  the  west  nearly  reach  the  eastern 
slopes  of  the  Andes.  The  resemblance  of  the  basin  of  the  Parani  to  that 
of  the  Mississippi  is  very  striking. 

These  beds  form  the  most  extensive  Tertiary  land  in  the  world :  their 
wide  distribution   in  a  north  and   south  direction  affords  an  excellent 

^  T.  A.  Conrad,  Catalogue  of  the  Miocene  Shells  of  the  Atlantic  Slope ;  Proc.  Acad. 
Nat  8ci.  Phil.,  1862,  p.  559. 
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opportunity  for  probing  the  questions  with  which  we  are  no 
The  latitude  of  the  strait  of  Magellan  corresponds  very  nearl 
of  Cambridge  and  Birmingham,  and  the  latitude  of  Parani  clo 
with  that  of  Alexandria :  hence  we  may  hope  to  obtain  some 
as  to  the  nature  of  the  events  which  happened  in  the  southern 
contemporaneously  with  those  in  corresponding  latitudes  of  Eu 

Our  knowledge  of  this  subject  is  chiefly  due  to  d'Orbigny  i 
Burmeister,  Ameghino,  and  Doering,  particularly  to  Doe 
account  I  am  now  about  to  follow  ^ 

The  Tertiary  beds  of  Patagonia  present  no  signs  of  dislo< 
if  we  trace  along  the  coast  the  level  of  the  marine  h 
which  is  supposed  to  be  Oligocene,  we  shall  find  that  ii 
falls  in  a  gentiy  undulating  curve  from  the  mouth  of  the  Pan 
Patagonia :  this  is  in  correspondence  with  the  fact  that  one  & 
beneath  the  Pampas,  another  beneath  south  Patagonia,  and  tl 
places  the  Oligocene  beds  dip  beneath  the  sea.  The  undulations 
this  great  distance  are,  however,  so  extraordinarily  flat  that  we  i 
regard  them  as  representing  merely  au  original  inequality  of  tl 

The  Tertiary  beds  of  Patagonia  repose  on  the  Cretaceoi 
case  also  the  marine  deposits  are  more  recent  as  they  lie  n< 
coast;  here  also  great  and  exceedingly  uniform  oscillations 
place,  giving  rise  to  an  alternation  of  terrestrial  and  marii 
and  here,  once  more,  the  diminishing  amplitude  of  the  pos 
conducts  us  to  the  existing  state  of  things,  while  at  the  sa 
inequality  of  great  interest  occurs  in  the  movements. 

Upon  the  Cretaceous  formation,  and  not  sharply  defined  fi 
the  unfossiliferous  OuaranUic  stage:   it  is  overlaid  by  a  thit 
red  sandstone  and  sandy  clay,  with  gypsum ;  this  occupies  w 
the  west,  towards  the  slopes  of  the  Cordilleras  {Piso  Pehi 
Meaotherium  Marshii).    To  this  stage  we  must  perhaps  refer 
of  Punta  Arenas.    Next,  for  the  first  time  since   the  Cretao 
a  positive  phase  occurred.     The  deposits  of  this  marine  stage 
at  many  localities  on   the  coast  and  in   the   interior:   they 
contain  the  same  mollusca,  over  their  whole  extent,  from  Para 
Arenas,  where  they  rest  on  the   lignites  {Piso  Paraneiise  ' 
Ferrureei) :  they  are  correlated  with  the  upper  Eocene  of  E\ 
strand  again  receded,  and  beds  of  sandstone  were  laid  down,  iiv 
of  plants  and  fresh-water   mollusca,  as  well   as    mammals,  a 
genera  closely  allied  to  Palaeotherium  and  Anoplotherium  of  1 
of  Montmartre  (Piso  Meaoptamico  with  Megamys  Patagonien&i 

^  Informe  oficial  de  la  Gomision  cientifica  agregada  al  expedicion  al  R 
Tdrden  de  General  Don  J.  A.  Roca,  4to,  Buenos  Aires,  1883,  III,  Geo 
D.  Doering,  pp.  401-530. 
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Then  for  the  second  time  the  strand  rose,  but  the  marine  deposits  did 
not  extend  so  far  inland  as  in  the  preceding  transgression :  they  probably 
correspond  with  the  Oligocene  (Piso  Patagonico  with  Ostrea  Patagonia). 
The  most  westerly  point  at  which  the  first  marine  stage  occurs  is  Lago 
San  Martin,  near  the  Cordillera  (lat.  49^-50*8.,  west  of  long.  72'  W.),  while 
this  second  marine  stage  only  attained,  generally  speaking,  a'^half  to  one- 
third  of  the  distance  which  intervenes  between  the  sea  and  the  Cordillera. 

Then  the  strand  retired  for  a  long  distance  and  for  a  very  long  period ; 
several  stages  of  continental  deposits  follow  one  another,  uninterrupted 
by  marine  intercalations.  Qreat  quantities  of  trachytic  detritus,  which 
in  the  south  occur  in  the  upper  part  of  the  second  marine  stage,  are 
continued  into  the  lower  part  of  the  succeeding  continental  deposits. 
These  begin  with  sandstone  and  marls :  they  contain  the  genus  Anchitherium, 
indigenous  in  Europe  during  the  lower  Miocene  (Pino  Araucano),  Then 
comes  the  alluvial  sand  of  the  western  Pampas  {Piso  Pudche) :  at  the  dose  of 
this  stage  Doering  jpla^es  tlie  limit  between  the  Miocene  and  Pliocene,  which 
coincides  with  the  greatest  recession  of  the  strand.  The  continent  then 
extended  much  further  to  the  east  than  at  present.  We  have  now  reached 
the  Pampas  formation,  in  the  strict  sense  of  the  term ;  it  consists  of  clay 
with  numerous  remains  of  terrestrial  mammals,  and  is  subdivided  into 
three  stages — Piso  Painpeano  inferior  with  Typotherium,  Protopithecus ; 
Piso  Eolitico ;  and  Piso  Pampeano  la/yustre.  It  is  supposed  to  represent 
the  Pliocene. 

A  vast  sheet  of  pebbles  and  conglomerate  was  now  spread  over  the 
Patagonian  plateau:  it  probably  came  from  the  CordiUeia.  and  stands  in 
some  relation  to  the  Qlacial  epoch.  Erosion  of  the  valleys  then  took 
place,  and  not  till  this  period  did  the  sea  appear  for  the  third  time  (Piso 
qu^ramdino).  It  did  not,  however,  extend  far  beyond  the  coast,  least  of 
all  in  the  north,  and  the  fauna  corresponds  very  closely  with  that  of  the 
preseift  day.  •  This  recent  post-glacial  transgression  is  thus  separated  from 
the  two  earlier  transgressions,  which  contain  none  but  extinct  species  of 
moUusca,  by  a  great  hiatus,  an  interval  wholly  unrepresented  by  Miocene 
or  Pliocene  deposits. 

Doering  adds  that  to  discover  the  missing  members  between  the  second 
and  third  tnmsgressions,  we  should  have  to  make  borings  off  cape  Cor- 
rientes  beneath  the  sea. 

In  spite  therefore  of  the  great  uncertainty  as  to  the  precise  age  of  the 
beds,  there  is  a  remarkable  concordance  between  the  results  obtained  in 
three  regions  widely  remote  from  each  other  by  three  able  investigators, 
working  independently.  Neumayr  of  Vienna  finds  that  at  the  beginning 
of  the  Pontic  stage,  which  is  generally  recognized  as  the  limit  between 
the  Miocene  and  Pliocene,  the  strand  in  the  Mediterranean  occupied  a 
lower  level  than  at  present,  and  that  in  the  Pontic  period,  or  at  the 

X  2 
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beginning  of  the  Pliocene,  there  is  a  gap  in  the  aeries  of  n 
Heilprin  of  Philadelphia  says  that  on  the  Atlantic  coast  of 
States  the  Pliocene  is  not  represented,  and  that  the  Miooei 
separated  by  a  gap  from  the  succeeding  and  much  younger 
Doering  of  Cordoba  arrives  at  the  result  that  on  the  coast  o 
the  strand  must  have  retreated  far  from  its  present  position,  tl 
must  have  attained  its  greatest  extension  at  the  limit  betwe 
and  Pliocene,  and  that  the  Tertiary,  probably  Oligocene,  mari 
separated  from  the  post-glacial  shell  beds  by  a  great  gap. 

We  will  now  return  to  the  quer- Andinian  shell  beds.  These  ai 
depoaits  which  were  ao  clearly  described  by  Darwin.  Doerii 
traced  the  regular  oscillations  they  record  through  20  degrees 
has  no  doubt  that  such  movements  could  not  have  been  cau 
placements  of  the  solid  land.  A  very  remarkable  peculia 
movement  is  its  increase  towards  the  souih.  In  the  bay  o 
quer- Andinian  shell  beds  occur  at  +20  to  30  meters;  rising 
they  reach  + 100  meters  in  the  extreme  south,  where  they  are 
by  terraces  at  +  300  to  400  metres.    We  shall  revert  to  this  f ac 

5.  Recent  Limestone  Formations.  Formidable  difficultii 
nected  with  the  question  of  the  present  deposition  of  lim 
particularly  with  the  mode  of  formation  of  those  coral  isla 
quently  ring-shaped,  which  rise  from  the  great  Ocean  depths. 

Darwin  distinguished  three  different  kinds  of  coral  reefs :  fix 
reefs,  which  adhere  closely  to  the  land  or  a  reef  of  rocks ;  n< 
reefs,  separated  from  the  land  by  a  deep  channel ;  and  finally 
atolls,  surrounding  a  lagoon,  within  which  no  land  is  visible.  H 
to  explain  the  transition  from  group  to  group  by  assuming 
svJ)8idence  of  the  sea  floor.  Dana  also  adopted  this  view,  as  tl 
very  extensive  observations  of  his  own.  Whatever  opinion  w 
as  to  the  subsidence  theory  of  Darwin,  it  needs  no  proof  to 
a  rising  of  the  sea  in  the  torrid  zone  would  meet  the  facts  i 
the  same  way  as  a  subsidence  of  the  sea  floor.  Both  Darwin 
were  well  acquainted  with  a  great  number  of  apparently  ele 
islands,  and  they  sought  to  distinguish  between  zones  or  regions  < 
and  subsidence  ^. 

Wilkes,  the  leader  of  the  American  expedition,  which  D; 
panied,  expressed  himself  against  Darwin's  explanation,  infiue 
rently  by  having  seen  a  number  of  elevated  reefs,  i.e.  reefs  1 
negative  movement;  and  in  1855  J.  C.  Ross,  who  had  lived 
years   on   Cocos   island   (Keeling  atoll),   the   starting-point   o 

1  C.  Darwin,  The  Structure  and  Distribution  of  Coral  Reefs,  2nd  ed.,  8vc 
Dana,  Corals  and  Coral  Islands,  Am.  Joum.  sci.,  1885,  3rd  ser.,  XXX,  pp 
169-191. 


cavu]  FOEMATIONOF  GOBAL  BEEFS  309 

observations,  opposed  his  theory  even  more  strongly.  In  the  first  place, 
Boss  maintained  that  Darwin's  statements  regarding  recent  subsidence  on 
C!oco6  islcmd  were  incorrect;  and  subsequently  H.  Forbes  also  asserted 
that  in  this  case  Darwin  had  been  mistaken.  The  paper  published 
by  Boss  on  this  subject  is  marred  by  much  obscurity  of  thought  as 
regards  volcanic  activity,  and  by  other  defects,  which  may  be  lightly 
passed  over  as  the  result  of  a  lengthy  residence  on  remote  islands.  On 
the  other  hand,  it  contains  some  valuable  observations ;  Ross  remarked 
that  all  the  elevated  coral  islands  of  the  Pacific  rise  to  about  the  same 
level,  and  that  it  appears  as  if  the  whole  surface  of  the  Ocean  had 
suddenly  sunk  in  consequence  of  the  subsidence  of  one  or  several  parts  of 
the  sea  floor  towards  the  centre  of  the  earth.  He  further  points  out  that 
Darwin  represents  elevation  and  subsidence  as  distributed  in  long  separate 
xones,  whereas  elevated  islands  (reefs  laid  dry)  and,  according  to  Darwin's 
views,  sunken  islands  (atolls)  occur  on  the  same  line,  close  beside  each 
other,  and  in  between  each  other.  He  concludes  that  the  distribution 
of  coral  reefs  is  determined  by  marine  currents,  which  bring  them 
nourishment  ^. 

Finally,  Semper,  Rein,  and  Murray  have  of  late  years  questioned  the 
validity  of  Darwin's  subsidence  theory,  because,  in  the  opinion  of  these 
observers,  the  growth  of  the  corals  is  always  confined  to  the  outside  of 
the  reef,  where  food  is  to  be  found;  while  by  the  death  of  the  interior 
part  ring-shaped  forms  are  produced,  for  which  no  subsidence  of  the  ground 
is  required  ^ 

This  question,  which  has  such  an  important  bearing  on  the  statics  of 
the  sea,  is  discussed  now  because  in  various  parts  of  the  world  limestones 
of  recent  formation  occur  in  association  with  others,  which  are  of  late 
Tertiary  age,  and  it  is  sometimes  difiicult  to  discover  a  strict  limit  between 
them.  Examples  of  this  association  are  far  from  rare:  on  Antigua  the 
beds  which  reach  the  sea  are  Miocene,  and  it  ought  not  to  be  difficult  to  dis- 
tinguish them  from  the  younger  formations  (II,  p.  136,  Fig.  15).  The  problem 
is  more  complicated  in  the  case  of  the  limestone  of  Curiupa,  Aruba,  wnd 

*  J.  C.  Ross,  Review  of  the  Theory  of  Coral  Formations  set  forth  by  C.  Dandn,  &c., 
Nat  Tgdschr.  Ned.  Ind.  Ver.  Batavia,  1855,  VIII,  pp.  1-43  ;  H.  Forbes,  Notes  on  Keeling 
Island,  Proc  Geogr.  Soc,  1879,  pp.  777  et  seq. 

'  C.  Semper,  Die  Riffe  und  das  Leben  im  Meere,  Zeitschr.  wiss.  ZooL,  1863,  XlII, 
iq^  563-569,  printed  in  his  Die  Philippinen  und  ihre  Bewohner,  8to,  Wtlrzburg,  1869, 
pp.  100-109 ;  by  the  same,  Die  natdrlichen  Existenzbedingungender  Thiere,  8to,  Leipzig, 
1880,  II9  pp.  39-93  and  261 ;  J.  J.  Rein,  Beitr&ge  zur  physischen  Oeographie  der 
Bennnda-Inseln,  Ber.  Senckenb.  naturf.  Ges.  Frankf.  am  Main,  1869-1870,  pp.  140-158 ; 
by  the  same,  Die  Bermudas-Inseln  und  ihre  Korallenriffe,  nebst  einem  Nachtrage  gegen 
die  Darwin*sche  Senkungstheorie,  Verb.  I.  deutsch.  Oeog^.-Tages  zu  Berlin,  8to,  1882, 
pp.  29-46 ;  J.  Murray,  On  the  Structure  and  Origin  of  Coral  Reefs  and  Islands,  Proc. 
Roy.  Soc  Edinb.,  1879-1880,  X,  pp.  505-518. 
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Venezuela,  which  has  been  investigated  by  lori^  K  In  Floric 
plication  is  still  greater.  Species  pass  into  new  forms  or  beoo 
those  corresponding  with  stiU  existing  species  increase  in  e 
the  marine  fauna  of  the  West  Indies  is  itself,  like  that  of  1 
Mediterranean,  an  assemblage  of  elements  of  different  age  and  < 

For  the  purpose  of  a  general  survey  it  wiU  be  convenient  f 
to  some  observations  in  the  Atlantic  r^on, — Florida,  the  West 
the  Bermudas  in  particular,  and  next  to  discuss  the  chief  structi 
of  the  widely  distributed  coral  reeb  of  the  Pacific. 

The  peninsula  of  Florida  in  the  north  and  north-west  is  f c 
have  several  times  observed,  of  the  middle  Tertiary  Orbitoid< 
which  towards  the  Ocean  rests  against  a  zone  of  Miocene  oomi 
north ;  to  the  south  younger  beds  of  limestone  appear,  till  in  the 
the  surface  of  the  plateau  stands  nearly  level  with  the  existing 
the  sea.  Still  further  to  the  south  the  plateau  forms  the  raggc 
of  the  bay  of  Florida ;  the  shallow  waters  of  the  bay,  only  a  : 
deep,  cover  a  broad  horizontal  surface  of  calcareous  mud,  a  r 
material  is  at  present  accumulating  for  the  formation  of  a  ne 
plateau,  similar  to  that  of  the  existing  peninsula. 

The  bay  of  Florida,  and  Key  Biscayne  bay,  its  continua 
north,  are  bounded  on  the  Ocean  side  by  a  long  series  of  low 
Keys,  which  run  in  a  regular  curve  from  the  aouthem  point 
Key  in  the  north,  first  to  the  south,  then  in  an  arc  to  the  wet 
bank  outside  the  Marquesas,  through  which  it  proceeds  and 
Tortugas.    As  early  as  1863  EL  B.  Hunt  showed  that  this  ci 
duced  by  the  counter  current  coming  from  the  north,  which  fie 
the  land  and  the  Gulf  stream.    The  counter  current  limits  the  z 
growth,  since  it  drifts  sediment  from  the  north,  and  brings 
corals.     Alexander  Agassiz  has  given  a  highly  instructive  aco 
facts,  and  has  shown  how  storm  and  waves  attack  the  organic 
break  off  fragments,  and  grind  them  to  a  white  impalpable  powc 
driven  during  the  storms  along  the  Keys  and  through  the  ga 
broad  quiet  waters  of  Florida  bay,  where  it  is  spread  out  by 
the  tides  and  accumulates  on  the  sea  floor  as  a  fine  calcareous  si 
western  side  of  Florida  this  accumulation  of  calcareous  sediment 
and  extends  far  to  the  north,  covered  above  by  a  thin  crust  of  coi 
are  frequently  killed  by  the  stifiing  mud  which  finds  its  waj 
calyces.     It  is  not,  Agassiz  remarks,  that  the  sea  floor  has  risen 
at  which  corals  could  settle  on  it,  but  that  the  sediments  have  a 
up  to  this  height.      As  to   the  Keys,  the  Tortugas,  and  abc 
Marquesas,  a  more  or  less  annular  form,  which  marks  them  as 

^  J.  Lori^,  Fofisile  Molltttken  von  Curasao,  Aruba  und  der  KOste  voi 
Samxnl.  geol.  Reichsmus.  Leiden,  1887,  2.  Ser.,  I,  pp.  111-149,  pi. 
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hafi  been  produced  solely  by  the  influence  of  the  currents,  which  brings 
nutriment  to  the  coraJ  polyps  ^. 

Here  then  we  have  before  us  at  once  our  first  example  of  a  limestone 
plateau  now  in  process  of  formation,  and  an  illustration  of  the  objections 
which  have  been  raised  to  the  theory  of  the  origin  of  atolls  by  subsidence 
of  the  sea  floor. 

Similar  accumulations  of  calcareous  mud  and  dead  organic  d^ris  are 
known  over  large  areas  in  other  parts  of  the  West  Indian  region,  olBT  Cuba 
for  example,  and  particularly  along  the  Tertiary  plateau  of  Yucatan. 
Alacran  reef  (Scorpion  rock)  is  a  horseshoe-shaped  atoll  crowning  recent 
calcareous  sediments ;  it  has  doubtless  arisen,  like  the  Tortugas  and  Mar- 
quesas, without  any  appreciable  displacement  of  the  strand. 

In  the  West  Indies  signs  of  negative  movement  may  be  seen  in  many 
places.  I  do  not  allude  to  the  limestone  beds  occurring  at  some  consider- 
able altitude,  the  highest  of  which  are  found  in  Cuba  and  Jamaica,  for 
although  they  have  been  regarded  as  reefs  of  comparatively  recent  date, 
their  age  is  wholly  unknown,  and  they  may  even  belong  to  the  Cretaceous 
period';  independent  of  these  there  are  many  indications  of  movement, 
even  close  to  the  existing  strand.  Over  the  whole  of  the  east  coast  of 
Florida,  nearly  as  far  as  the  commencement  of  the  Keys,  lies  a  shelly  breccia, 
the  '  Coquina  of  St.  Augustine,'  which  engirdles  the  coast  and  is  regarded 
as  marking  a  negative  movement  of  10  to  20  feet.  This  deposit  appears 
in  many  islands  of  the  Antilles :  a  well-known  example  is  the  Basse  Terre 
of  Guadeloupe,  which  is  surrounded  by  a  recent  coraJ  reef.  Yet  it  must 
not  be  overlooked  that  the  height  above  the  sea  of  this  last  mark  or  last 
level  surface  does  not  afford  a  trustworthy  measure  of  the  movements 
which  have  taken  place  during  the  existing  phase  (II,  p.  25). 

Among  the  regions  now  laid  dry  in  consequence  of  these  movements  we 
must  include  the  island  of  Sombrero,  lying  out  to  sea  in  lat.  18**  36'  N. 
between  the  Virgin  isles  and  the  lesser  Antilles. 

Sombrero,  according  to  Sawkins,  is  a  little  more  than  a  nautical  mile  in 
length,  and  its  greatest  breadth  is  scarcely  a  third  of  its  length.  The  whole 
coast  is  bounded  by  a  perpendicular  or  overhanging  cliff,  25  to  40  feet  high, 
with  12  to  14  fathoms  of  water  outside.  The  greatest  difference  of  level 
in  the  interior  amounts  to  10  feet :  the  surface  is  scored  with  grykes  or 
fissures  of  erosion.  'A  more  desolate  or  inhospitable  spot  can  hardly  be 
found  in  the  actual  world  or  in  the  realms  of  the  imagination.' 

.  »  A.  Agaesiz,  The  Tortugas  and  Florida  Reefs;  Mem.  Am.  Acad.  Sci.,  Centennial 
Yolnme,  Cambridge,  1885,  XI,  pp.  107-133,  maps. 

«  W.  A.  Crosby,  On  the  elevated  Reefs  of  Cuba ;  Proc.  Boston  Soc.  Nat  Hist.,  1882- 
1883,  XXII,  pp.  124-130.  The  terraces  of  limestone  lie  at  heights  of  30  Ceet,  200-260 
feet,  and  500  feet ;  even  the  limestone  of  the  Tunque  at  a  height  of  1,800  feet,  whioh  is 
entirely  different,  is  considered  by  Crosby  to  form  part  of  the  same  group. 
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The  whole  island  is  formed 
of  limestone ;  the  mollusca  en- 
closed in  the  limestone  belmg 
to  the  existing  fami&,  vith  tihe 
exception  of  s  veiy  common 
BuUa,  which  appears  to  be  BvBa 
gratwea  of  the  middle  Tertiary 
of  the  West  Indies.  'Dykee  of 
phosphates  occor  in  the  lime- 
stone, evidently  derived  tKsai 
vanished  beds  of  goauo.  lltey 
have  been  a  source  of  attraction 
to  this  barren  island  since  1866; 
a  description  of  th^jn  has  been 
^ven  by  Alexis  A.  Julien '. 

Six  beds  of  limestone  are  to 
be  distinguished,  resting  hori' 
zontally  one  on  the  other;  we 
will  indicate  them  from  the  sea- 
level  upwards  by  the  letters  A 
toF.  On  the  face  of  the  cliffi, 
however,  only  two  bedding- 
planes,  as  a  role,  are  at  all  coor 
spicuooB :  they  are  distingaisbed 
by  partings  of  a  different  nature 
which  occur  between  A  and  B 
and  between  D  and  E.  A  farther 
distinction  is  afforded  by  the 
colour ;  D  is  decidedly  grey,  and 
thus  stands  out  in  marked  ccm- 
trast  to  the  other  beds,  which 
are  pure  white.  Beds  of  guano 
have  been  formed,  according  to 
Julien,  at  three  different  epochs 
nt  least :  each  of  these  beds,  how- 
ever, was  subsequently  removed 
by  the  sea,  leaving  some  remains 
in   the  clefts  of  the  limestone. 

>  Sawkins,  Report  od  Jamaica,  t, 
p.  261 ;  Cleve,  Qeolog;  of  the  West 
Indian  lelea,  p.  21 ;  A.  A.  Julien,  On 
the  Geology  of  the  Kej  of  Sombrero, 
Ann.  tyc.  Nat.  Hirt.  N.  York,  1867, 
Till,  pp.  251-278,  pi. 
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Julien  concludes  from  this,  as  well  as  from  the  character  of  the  limestone 
beds,  that  the  island  had  been  repeatedly  submerged  and  again  laid  dry. 
He  has  attempted  to  represent  the  oscillations  graphically  by  a  curve,  and 
even  for  the  trifling  number  of  beds  here  visible,  was  obliged  to  assume 
eight  elevations  and  nine  subsidences  of  the  ground. 

The  resemblance  of  these  beds  to  those  of  the  eastern  Alps  is  evident. 
Whether  each  single  bed  doe^s  indeed  correspond  to  an  oscillation  or  not, 
there  can  be  no  doubt  that  we  have  before  us  here  formations  which  bear  a 
striking  likeness  to  the  stratified  limestones  of  earlier  epochs. 
•  The  limestone  beds  which  rise  within  the  encircling  coral-reefs  in  the 
West  Indies  are  tunnelled  by  many  large  caves.  In  the  Bahamas,  where 
a  series  of  ancient  strand-lines  may  be  recognized,  such  caves  occur  in  many 
places.  Sharpies  has  described  those  of  the  Caicos  idands  in  the  neighbour- 
hood of  the  Turk  islands :  the  floor  is  covered  with  red  earth,  gypsum,  and 
guano  ^.  It  seems  to  me  scarcely  possible  to  doubt  that  these  terraced  lime- 
stones, excavated  by  caverns,  are  older  than  the  living  reef  around  them. 
Their  great  age  is  confirmed  by  the  fact  that  Pomel  and  Cope  have  found 
the  remains  of  extinct  species  of  terrestrial  animals  in  similar  caves  in  the 
little  island  of  AnguiUa,  and  from  this  the  great  age  of  the  negative  move- 
ment may  be  inferred.  ^ 

We  conclude  then  that  small  annular  atolls  without  deep  lagoons,  such 
88  the  Tortugas  and  Alacran,  may  be  formed  without  any  appreciable 
positive  movement  of  the  strand.  The  existing  Keys  of  Florida  must  have 
been  built  up  since  the  last  negative  movement.  If  a  positive  movement  is 
now  in  progress  it  is  so  trifling  that  the  sediment  is  able  to  keep  pace  with 
it  The  negative  movements  and  the  eaves  with  remains  of  extinct  ter- 
restrial mammals  date  from  a  more  remote  period.  It  is  not  improbable 
that  the  separation  of  the  limestone  into  beds  is  due  to  minor  oscillations ; 
Sombrero  seems  to  suggest  this,  but  in  the  bay  of  Florida  a  change  in  the 
nature  of  the  sediment  might  easily  be  brought  about  merely  by  the  closing 
or  enlargement  of  the  openings  between  the  Keys,  by  increased  evaporation, 
or  in  other  ways,  without  oscillation  of  the  strand. 

In  the  Bermudas  we  are  afforded  the  rare  opportunity  of  observing  the 
submarine  structure  of  a  group  of  calcareous  islands.  They  have  been 
described  by  Nelson,  Jones,  Rein,  the  members  of  the  ChaUenger  expedition, 
and  Rice  *.    A  recent  outer  reef  clings  close  to  the  south-east  side  of  the 

^  8.  P.  Sharpies,  Turks  Island  and  the  Guano  Caves  of  the  Caicos  Islands;  Proc. 
Borton  Soc.  Nat.  Hist,  1884,  XXII,  pp.  242-252. 

'  B.  J.  Nelson,  On  the  Geology  of  the  Bermudas,  Trans.  Geol.  Soc,  2nd  ser.,  V,  p.  103  ; 
J.  J.  Bein,  Beitrftge  zur  physischen  Geographie  der  Bermuda-Inseln,  Ber.  Senckenb. 
natnrf.  Ges.  Frankf.  am  Main,  1869-1870,  pp.  140-158 ;  J.  M.  Jones,  Recent  Obseryationa 
in  the  Bermndaa,  Nature,  Aug.  1, 1872,  p.  262 ;  W.  Thomson,  The  Atlantic,  8vo,  London, 
1877,  I,  pp.  290-857;  W.  N.  Rice,  The  Geology  of  Bermuda,  in  Jones  and  Goode, 
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higher  islands,  hot  recedes  from  them  on  the  sonih-wert,  as  liv 
north,  for  a  considerable  distance,  to  fonn  a  broad  oval  ring. 
encloses  all  the  higher  islands  and  an  extensive  lagoon.  The  ii 
a  height  of  250  feet,  and  are  formed  above  the  sea-level  of  dri 
is,  of  organic  d^ris  which  has  been  piled  np  to  this  height  by 
then  either  loosely  cemented  together,  or  converted  into  dense 
limestone,  by  the  rain.  Red  earth  covers  the  islands,  penetn 
fissures  of  the  white  limestone,  and  forms  the  soil  for  vegeti 
There  are  caves  in  the  limestone  with  stalactites  hanging  fn 
In  some  places  indications  of  oscillations  are  to  be  seen ;  at 
Rice  describes  a  bed  of  beach  conglomerate,  formed  of  mai 
rock,  with  large  sea  shells  and  compact  lumps  of  red  eartk 
glomerate  occurs  as  an  intercalation  in  the  drift  rock,  wh 
land  shells. 

At  the  mouth  of  Hamilton  harbour  submarine  mining  was 
in  1870,  and,  according  to  Jones,  a  cave  with  stalactites  and  n 
encountered  at  a  depth  of  6  fathoma  Excavations  were  contis 
a  larger  scale,  with  a  view  to  the  construction  of  docks.  At 
—  25  feet,  a  calcareous  mud  was  met  with,  5  feet  thick;  beneatl 
cemented  coral  sand,  with  fragments  of  Diploporia  and  shells ;  tl 
at  a  depth  of  —45  feet,  a  layer  of  peat  moss  or  rather  old  vc 
with  upright  stumps  of  trees,  land  shells,  and  bones  of  birds. 
ancient  limestone. 

We  have  here  definite  proof  of  positive  movement:  nevei 
concludes,  with  a  high  degree  of  probability,  that  no  appreciabh 
occurred  since  1609.  If  the  movement  is  still  in  progress  it  must  \ 
Rice  bases  this  result  on  a  number  of  ancient  observations  colle 

In  passing  to  the  Pacific  region  we  may  mention  first  tl 
least  in  the  regions  which  border  it  on  the  west,  there  is  no  lack 
in  proof  of  continuity  between  the  very  recent  limestone  fon 
those  of  an  earlier  date. 

Tertiary  deposits  play  a  large  part  in  the  formation  of  the 
west  of  New  Guinea,  and  recent  limestone  immediately  followt 
Tertiary.     The  Aaru  archipelago,  according  to  Riedel,  inch 
large  and  eighty-three  smaller  islands ;  all  form  part  of  a  sing 
plateau.     Five  very  narrow  channels  of  the  sea,  not  broader 
large  rivers,  separate  the  six   principal   islands,  which  form 
plateau  180  kilometers  long,  with  a  slightly  undulating  surfi 
with  marshes,  in  which  brackish-water  mollusca  live.     The  soui 
of  the  island,  which  is  the  highest,  and  rises  to  50  meters,  is  for 
Tertiary  beds  (II,  p.  166). 

Contribntion  to  the  Natural  History  of  the  Bermudas,  I  (Bull.  U.S.  Nat.  1 
8to,  Washington,  1884,  pp.  1-32. 
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The  Bunda  plaieau  of  South  Australia  shows  to  what  dimensions  an 
exposed  platform  of  Tertiary  limestone  may  attain. 

Tertiary  fossils  have  been  recorded  even  from  Viti  Lew,,  Fiji  (II,  p.  164). 

In  the  region  of  the  Pacific  coral  reefs,  as  in  the  West  Indies,  there  are 
numerous  traces  of  negative  movement.  Tabular  limestone  masses  with 
A  horizontal  surface  rise  out  of  the  rings  of  living  reef;  sometimes  they  are 
terraced  in  steps,  sometimes  ruled  along  their  steep  cliffs  with  horizontal 
strand-lines.  Caves  with  stalactites  run  through  them,  sometimes  for  miles ; 
.and  red  earth  occurs  on  their  upper  surface.  Masses  of  limestone  such  as 
these  are  met  with  here  and  there  as  far  to  the  east  as  Henderson  (Eliza- 
beth) island,  beyond  the  Paumotu  islands ;  this,  according  to  Beechey,  is 
80  feet  high,  with  steep  cliffs  composed  of  limestone  which  breaks  with  a 
^oonchoidal  fracture  like  a  Mesozoic  limestone^.  Nowhere,  however,  does 
the  height  of  the  plateau  appear  to  exceed  100  meters.  We  do  not  know 
*what  part  blown  sand  or  drift  rock  plays  in  the  structure. 

In  the  south  part  of  the  Pdew  islands  the  negative  signs  become  so 
marked  that  Semper  was  inclined  to  attribute  the  origin  of  the  group,  not 
to  subsidence  as  Darwin  did,  but  to  an  elevation  of  the  sea  floor.  The 
limestone  clifls  here  attain  a  height  of  250  feet,  and  end  above  in  a  perfectly 
horizontal  line ;  towards  the  east  they  are  80  feet  high,  and  again  horizontal 
B,t  the  summit  ^. 

On  the  slopes  of  the  islands  in  Bougainville  straiia,  in  the  Solomon 
group,  regular  terraces  occur,  which  Guppy  regards  as  so  many  elevated 
barrier  reefs  ^. 

One  of  the  most  striking  examples  is  afforded  by  the  Loyatty  group, 
which  borders  New  Caledonia,  like  a  second  line  of  coast.  The  islands 
form  a  long  series.  The  first  is  Astrolahe,  which  is  just  awash.  The 
second  is  Uvea^  a  circular  island  formed  of  coral  limestone,  rising  in  a  single 
step  to  a  height  of  15-18  meters.  In  the  centre  lies  a  lagoon  with  a  very  level 
floor  and  a  maximum  depth  of  18  meters ;  the  island  is  quite  horizontal, 
and  terminates  against  the  sea  in  an  overhanging  cornice. 

The  third  island  is  Lifu ;  this  has  no  interior  lagoon ;  it  is  a  plateau, 
rising  in  three  horizontal  stages  to  a  height  of  90  meters.  For  thirty 
nautical  miles,  from  one  end  to  the  other,  each  stage  maintains  precisely 
the  same  level.  Great  caves  are  to  be  seen.  The  sides  of  the  plateau 
sink  to  unfathomed  depths,  as  is  the  case  with  all  these  islands.  So 
Chambeyron  described  it;  Clarke,  who  gave  an  account  of  Lifu  in  1847, 

*  Captain  F.  W.  Beechey,  Narration  of  a  Voyage  to  the  Pacific  and  Beeiings  Straits, 
4to,  London,  1831, 1,  pp.  55-58  and  187. 

*  Semper,  Existenzbedingungen,  II,  p.  76. 

*  H.  B.  Gappy,  Suggestions  as  to  the  Mode  of  Formation  of  Barrier  Reefs  in  Bougain- 
ville Straits,  Solomon  Group ;  Proc.  Linn.  Soc.  N.S.W.,  1884,  IX,  Sydney,  1885,  pp.  949- 
M9,  pi. 
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found  evidence  of  two  elevations,  one  of  90,  the  other  of 
together  of  260  feet.  BaUosa  mentions  the  t«d  earth,  wii 
v^^etatioD  could  not  exist,  and  recognized  foar  stages,  of  whi 
mns  ri^t  round  the  island.  There  are  welts  in  the  limestca 
deep ;  it  sbowa  no  stratification. 

The  fourth  island  is  MotS  ;  it  presents,  according  to  Chan 
stages,  all  horizontal  and  still  more  clearly  defined  than  In  lifa 


-J^'.jt.. 


Fio.  30.     Unto,  LovoUv  Grnv  (alter  CtuunbejroD). 

moat  plateau  reaches  a  height  of  90  to  100  metera.  Between  thi 
third  stage  lies  a  broad  plain.  In  the  north-west  of  the  island 
of  the  highest  stage  occurs ;  here  a  peak  of  volcanic  rock  protn 
Towiuds  the  north-west  the  Loyalty  group  ends  in  the  Pet: 
to  the  south-east  in  the  Durand  reef  and  Walpole  island,  the  lasi 
rock  95  meters  high 


Fi<3.  31.    Li/u,  Loyalty  Gryup  (after  ChambeTTon). 


It  may  be  asserted  that  each  of  these  islands,  while  inaL 
horizontality,  has  been  raised  spasmodically  to  these  hctglit 
90  to  100  meters,  Lifu,  90  meters,  Uvea,  15  to  18  meters,  am 
not  at  all.  For  my  own  part  I  cannot  regaixi  this  as  probable 
prefer  to  suppose  that  to  begin  with  there  was  a  continuoui 
plateau, +  90  to  100  meters  in  height,  and  at  this  time  the  sea-le 
least  90  to  100  meters  higher  than  at  present.  Of  the  highest ) 
plateau  one  fragment  has  been  preserved  in  Mar^  close  to  the  vo 
and  another  in  Lifu;  the  lower  stages  mark  a  cessation  of  tl 
movement  or  a  phase  of  the  positive  recurrence,  or  perhaps 
intercalation  of  a  less  resistant  bed.     The  overhanging  comic 
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Bhows  how  the  breakers  are  engaged  in  their  work  of  destruction  to-day, 
as  they  have  always  been  in  the  past  \ 

Finally,  mention  may  be  made  of  the  island  of  JUetia,  which  lies  north 
of  Tahiti.  According  to  Dana  it  is  250  feet  high,  and  consists  of  coral 
limestone  with  great  stalactitic  caves ;  on  its  summit  is  a  plain,  similar  to 
the  beach  platform  of  existing  coral  islands ;  isolated  sea  stacks  show  that 
a  part  of  the  limestone  has  been  removed  by  the  sea.  Two  horizontal  lines 
run  round  the  brow  of  the  cliff;  along  these  caves  are  frequent ;  the  rock  in 
consequence  presents  a  stratified  appearance,  and  is  divided  into  three 
almost  equal  parts.  It  appears  to  me  a  fact  of  great  interest  that  of  the 
two  specimens  of  the  rock  which  Dana  took  from  Metia,  one  contained 
88-07  and  the  other  only  5-29  per  cent,  of  magnesium  carbonate.  Here 
dolomite  and  limestone  have  been  deposited  in  the  open  sea,  as  in  the  Platten- 
kalk  of  the  Alps.  Dana  regards  Metia  as  the  core  of  the  deposits  which 
filled  up  a  once  existing  lagoon,  and  thinks  that  the  carbonate  of  magnei^ia 
may  have  been  precipitated  in  this  lagoon  as  a  consequence  of  evaporation  K 

Far  more  numerous  than  these  comparatively  elevated  islands  are  those 
of  inconsiderable  height,  particularly  such  as  are  bordered  by  an  overhang- 
ing cornice,  which  rises  no  more  than  a  few  meters  above  the  sea-level. 

Attempts  have  been  made  to  explain  the  inequality  in  height  of  these 
islands  by  an  unequal  elevation  or  subsidence  of  the  various  regions  in 
which  they  occur.  This  is  a  view  I  cannot  share.  The  existence  of  the 
limit  of  100  meters,  which  is  rather  strictly  maintained,  is  opposed  to  it, 
as  well  as  the  occurrence  of  repeated  terraces  or  strand-lines. 

These  facts  tend  rather  to  show  that  all  these  limestone  plateaux  are 
the  remains  of  older  formations,  certainly  older  than  the  living  reefs  of  the 
present  day;  like  the  similar  limestone  plateaux  of  the  Bahamas,  which 
are  also  excavated  by  caves  and  covered  by  red  earth ;  and  probably  all 
the  negative  movements  to  which  they  bear  witness  have  affected  uniformly 
the  entire  region  of  these  coral  islands,  and  belong  to  a  more  remote  period. 
We  do  not  know  the  age  of  these  higher  limestone  plateaux.  Dana  has 
often  expressed  the  opinion  that  the  epoch  of  the  Pacific  coral  reefs 
embraces  the  whole  Quaternary,  and  perhaps  a  part  of  the  Tertiary  period. 
Consequently  it  is  not  to  these  plateaux  that  we  should  turn  for  an 
explanation  of  the  existing  state  of  things ;  this  can  only  be  obtained  by 
a  study  of  the  living  reefs. 

^  Captain  Chambeyron,  Note  relative  ^  la  Nouvelle-Caledonie,  Bull.  Soc.  geogr.,  1875, 
6*  ser.,  IX,  pp.  566-586 ;  W.  B.  Clarke,  On  the  Geology  of  the  Isle  of  Lafft,  Quart.  Joum. 
Geol.  Soc.,  1847,  III,  pp.  61-64 ;  B.  Balansa,  Nouvelle-Cal^onie :  les  ties  Loyalty,  Bull. 
Soc  g^gr.,  1873,  6«  s^r.,  V,  pp.  521-534  ;  Grundemann.  Peterm.  Mitth.,  1870,  XVI, 
pp.  865-869.  Chambeyron  gives  Lifu  a  height  of  90  meters  in  the  text,  of  60  meters 
in  the  diagram ;  the  first  figure  corresponds  with  that  of  other  observers. 

*  Dana,  Coral  Islands,  pp.  193,  357;  Ribourt,  Observations  g^logiques  sur  Tahiti  et 
les  lies  basset  de  Tarchipel  des  F^umotus,  Bull.  Soc  g^ogr.,  1878,  6*  s^r.,  XVI,  p.  35. 
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Darwin  war  well  acquainted  with  the  more  active  giowth  o 
side  of  the  reefs,  and  Itauia  even  remarks  that  a  coral  reef  is 
plateau  with  a  living  edge.  Nevertheless  it  appears  from  reoe 
tions  that  the  influence  of  the  currents,  which  bring  nourishme 
greater  than  Darwin  and  Dana  supposed.  They  may  of  then 
rise  to  annular  reefs  of  no  great  size ;  this  is  shown  by  the  litl 
Florida,  and  we  must  probably  refer  to  this  cause  the  small  atoL 
Madhu  in  the  Maldives,  which  are  grouped  together  into  la 
Darwin  has  fully  described  them.  The  little  goblet-shi^ped  reefs 
limestone  in  the  Bermudas  belong  to  this  class.  But  Alexan 
himself  has  expressly  admitted  the  difficulty  of  explaining  lagoc 
depth,  without  conceding  a  change  of  level  ^.  Semper,  in  a  sect 
BabeWumbj  the  largest  of  the  Pelew  islands,  has  estimated  the  d 
lagoon  at  50-60  fathoms,  and  numerous  soundings  in  lagoons  hf 
these  figures.  According  to  all  observations  so  far  made  n 
corals  cannot  live  at  this  depth. 

This  difficulty  theix  stands  opposed  to  all  the  theories  adv 
the  time  of  Darwin  and  Dana,  and  still  retains  all  its  force  as 
weightiest  arguments  in  favour  of  the  so-called  theory  of  subsid 
objections  might  be  raised  to  this  theory :  first,  that  it  is  not 
understand  how  so  large  a  portion  of  the  earth's  surface  could 
so  slowly  and  uniformly ;  and  next,  as  Boss  pointed  out,  that 
islands  asserted  to  have  subsided  stand  fragmentary  plateaux, ' 
apparently  been  elevated.    But  these  facts  will  no  longer  appc 
as  soon  as  we  admit  that  it  is  not  the  land  but  the  sea  which  is  i 
element. 

As  regards  the  actual  amount  of  the  positive  excess  of  the 
movement,  no  estimate,  not  even  approximate,  seems  to  me  a£ 
possible.  The  depth  of  the  lagoons  implies  positive  movement 
is  a  wide  diflFerence  between  the  40-60  fathoms  of  a  lagoon  (wh 
is  true,  have  been  filled  up  to  an  unknown  extent),  and  the  ver 
able  depths  which  have  been  sounded,  not  indeed  everywhere, 
many  places,  in  the  immediate  neighbourhood  of  atolls,  and  w! 
very  steep  slopes. 

That  the  atolls  stand  on  a  rocky  base  has  never  been  denied, 
description  of  the  relations  of  barrier  reefs  to  atolls  involves  tl 
many  visible  peaks  of  volcanic  mountains  testify  to  it. 

Murray  has  shown  what  vast  quantities  of  pelagic  orgai 
calcareous  shells  occur  in  certain  parts  of  the  Ocean ;  the  shelL 
death  of  the  animal  fall  like  rain  to  the  bottom,  where  they  an 
by  the  carbonic  acid  of  the  sea- water  at  great  depths,  but  acci 

^  A.  Agassiz,  The  Tortugas  and  Florida  Reefs;  Mem.  Am.  Acad.  ScL, 
Volume,  Cambridge,  1885,  XI,  p.  121,  maps. 
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moderate  and  shallow  depths.  I  believe,  however,  that  the  cases  are  very 
rare  in  which  this  kind  of  sediment  plays  an  important  part  in  the  structure 
of  the  substratum  of  atolls.  The  mantling  over  of  submarine  mountains 
with  limestone  is  ill  suited  to  explain  the  isolated  atolls  in  the  middle  of 
the  Ocean,  and  volcanic  cones  would  by  this  means  very  seldom  reach  the 
sone  of  coral  growth.  Murray's  casual  reference  to  Graham  idand  (Julia 
or  Ferdinandea  island)  seems  to  me  much  more  fortunate. 

This  island  made  its  appearance  in  1831  as  an  ash-cone  on  the  south- 
west of  Sicily,  in  a  sea  100  fathoms  deep.  The  waves  attacked  the  mass 
of  loose  material,  and  by  the  end  of  a  few  months  a  large  part  had  been 
washed  away ;  the  central  pipe,  filled  with  scoriae  and  ash,  was  exposed. 
The  sea  continued  its  work,  and  after  a  short  time  nothing  was  left  but 
a  slightly  submerged  bank,  which,  secure  from  the  destructive  action  of 
the  breakers,  persisted  for  a  long  time.  In  this  way  a  foundation  may  be 
prepared  at  a  suitable  depth  for  the  settlement  of  corals.  Then  all  those 
processes  would  be  set  in  train  which  have  been  described  by  Semper,  Rein, 
and  Murray,  and  most  important  the  more  active  growth  of  those  indi- 
viduals which  occupy  the  margin  of  the  ring. 

Some  such  explanation  might  possibly  hold  for  the  little  guano  islands, 
lying  near  the  middle  of  the  Pacific.  It  is  true  that  some  of  them,  such  as 
Jervis,  M'Eean,  and  Hero  islands,  are  supposed  to  show  signs  of  negative 
movement,  but  the  only  evidence  for  this  is  the  presence  of  gypsum  in  the 
lagoon  beneath  the  guano. 

Jervis  idand  (lat  O""  22'  S. ;  long.  ISQ"*  58'  W.)  was  examined  by  Hague. 
A  ring-shaped  rampart  surrounded  by  a  fringing  reef  rises  to  a  height  of 
+ 18  to  28  feet.  The  plain  within  the  ring  lies  at  a  height  of  +  7  to  8  feet ; 
it  consists  of  a  layer  of  gypsum  covered  with  guano.  In  its  deepest  part 
gypsum  and  sea  salt  occur  \ 

On  the  other  hand,  Dixon  writes  of  Maiden  idand  (lat.  4!*  2'  S. ;  long. 
164^  58^  W.)  that  the  sea-water  percolates  through  the  reef  itself  into  the 
lagoon,  and  there  evaporates ;  an  outflow  only  occurs  at  very  low  water. 
Bare  but  violent  showers  of  rain  wash  the  salt  out  of  the  lagoon  but  leave 
the  gypsum  behind.  The  rampart  attains  a  height  of  +  21  feet.  Ancient 
kitchen  middens  are  found  on  this  island.  Several  concentric  ridges,  formed 
of  loose  blocks  of  reef  rock,  succeed  each  other  both  on  the  north  and  south 
side  of  the  island ;  they  run  parallel  with  the  shore,  and  have  been  piled  up 
by  waves  of  unusual  power  ^. 

Not  only  the  waves  produced  by  storms,  but  those  due  to  earthquakes, 
which  travel  from  time  to  time  across  the  Ocean,  must  doubtless  leave 

'  J.  D.  Hague,  On  the  Guano  Islands  of  the  Pacific  Ocean ;  Am.  Joum.  Sci.  Arts,  1862, 
2nd  ier.,  XXXIV,  pp.  224-243,  in  particular  p.  280. 

*  W.  A.  Dixon,  Notes  on  the  Meteorology  and  Natural  History  of  a  Guano  Island ; 
Journ.  Roy.  Soc  N.S.W.,  1878,  XI,  pp.  166-175. 
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their  traces  on  the  strand.    The  occurrence  of  negative  positive 
in  these  isolated  spots  cannot  therefore  be  regarded  as  ascertain 
It  follows  from  the  foregoing  observations  that  the  sabstnK 
coral  islands  is  of  various  nature  and  age.    Volcanos  are  still 
new  bases  for  the  attachment  of  corals  are  continually  being  fo 
the  settlement  of  the  polyps  on  the  summit  of  a  few  isolates 
can  only  account  for  some  of  the  reefs.    Many  may  be  seen 
fragments  of  ancient  continental  land;  from  others  the  peaks 
masses  project,  showing  that  loose  ash-cones  have  not  forme 
basis  of  support    The  deeply  eroded  valleys  of  these  peaks 
cases,  according  to  Dana,  be  regarded  as  an  indication  of  poa 
ment.    The  rule  that  in  the  Atlantic  Ocean  the  islands  are  € 
straight  lines,  and  in  the  Pacific  in  arcs,  has  its  cause  deep  in  i 
structure  of  the  globe  (11,  p.  205).    It  applies  as  much  to  fr 
folded  Cordilleras  as  to  the  alinement  of  volcanic  series  and  the  < 
of  coral  reefa    The  volcanic  line  of  Fernando  Po  is  straight,  ai 
of  coral  reefs  in  the  Maldives  and  Laocadives  are  straight  aL 
west  Pacific  all  the   islands,  whatever  their  constitution  m; 
arranged  in  arcs.    Thus  the  coral  reefs  disclose  to  us  the  plai 
the  heights  beneath  the  sea  are  distributed,  or,  in  other  words,  I 
the  coral  reefs  an  isohypds  of  the  submerged  TaourUains  of  th 
projected  on  Us  sv^rface.    This  important   fact  affords,  howei 
support  to  the  theory  that  the  coral  reefs  have  been  produced 
influence  of  positive  movements,  and  there  is  nothing  to  indica 
peaks  and  crests  of  the  submarine  mountains  are  of  equcd  height, 
frail  may  be  the  arguments  on  which  Darwin  and  Dana  have  I 
rough  estimates  of  the  thickness  of  such  structures,  yet  it  must  b 
that  the  figures  they  obtained,  viz.  1,150,  1,750,  and  2,000  feei 
within  the  thickness  of  the  stratified  masses  of  limestone  and 
which  accumulated  over  a  large  region  of  the  Alps  during  the  ep 
Plattenkalk  alone,  i.  e.  of  an  upper  division  of  the  Keuper.     Bu 
sea  of  the  Plattenkalk,  at  least  towards  its  close,  was  subject  to  ( 
with  a  positive  excess  seems  to  me  to  have  been  established.     C 
may  be  deduced  from   the  precise  observations  made   by  Rin 
Nicobar  islands,  by  Junghuhn  and  von  Richthofen  on  the  reef  o 
Tji-Laut-urun  On  the  south  coast  of  Java,  and  by  von  Drascl 
neighbourhood  of  Paracali  on  the  east  coast  of  Luzon.     In  the 
cases  a  dead  reef  may  be  seen  separated  from  the  land  by  a  plai 
sand.     Outside  the  dead  reef  is  the  living  reef  bathed  in  the  w 
surf  ^.     I  regard  all  the  tabular  masses  of  dead  coral  rock,  whi 

'  H.  Rink,  Die  Nikobarischen  Insein,  8vo,  Kopenha^en,  1847,  p.  82  ct  seq. ; 
Java,  III,  p.  1442 ;  Richthofen,  Zeitechr.  deutsch.  geol.  Ges.,  1874,  XXVI,  p.  24( 
Luzon,  p.  62,  and  fig.  14. 
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a  height  of  100  meters  and  extend  as  far  as  the  remote  Henderson  island, 
as  indications  of  ancient  oscillations.  Unfortunately,  we  do  not  possess 
any  detailed  description  of  the  organic  remains  found  in  these  islands.  In 
the  Atlantic,  outside  the  region  of  the  reefs  and  to  the  north  of  them,  sedi- 
ments have  been  laid  bare  in  the  same  manner  on  the  Azores  and  Madeira ; 
and  these  have  been  referred  to  the  first  Mediterranean  stage,  i.  e.  to  one 
of  the  lower  subdivisions  of  the  Miocene.  In  Madeira  (lat.  32°  AV  N.)  they 
rise  to  a  much  higher  level  than  the  fragments  of  the  Pacific  plateaux, 
attaining  a  height  of  1,350  feet  (I,  p.  288). 

Darwin,  I  think,  went  too  far  when  he  attempted  to  distinguish  regions 
of  elevation  from  those  of  subsidence  by  plotting  the  distribution  of 
fringing  reefs,  barrier  reefs,  and  atolls;  Dana  has  already  expressed  the 
same  opinion,  but  the  attempt  which  Dana  also  made  to  determine  regions 
of  maximum  subsidence  according  to  the  number  and  size  of  the  atolls 
does  not  rest  on  a  surer  basis.  On  the  other  hand,  in  spite  of  the  extremely 
valuable  information  accumulated  by  recent  observers,  I  believe,  in  agree- 
ment with  F.  von  Richthofen,  that  we  must  still  accept  as  a  true  explana- 
tion the  fundamental  idea  of  the  subsidence  theory,  according  to  which 
the  larger  coral  reefs  have  been  built  up  under  the  influence  of  a  widely 
distributed  oscillation  of  the  strand,  with  a  positive  excess  ^. 

This  movement,  if  it  still  continues,  must  take  place  so  slowly  as  to  be 
beyond  the  reach  of  measurement,  so  slowly  indeed  that  little  reefs,  like 
the  Tortugas,  the  atolls  of  Mahlos  Mahdu  and  other  islets,  may  come  into 
existence  without  betraying  any  signs  of  its  action. 

Thus  we  have  reason  to  believe  that  these  reefs  have  arisen  under  the 
influence  of  a  predominant  positive  Tnovement,  and  on  the  other  hand 
those  who  maintain  that  no  movement  is  taking  place  cU  the  present  day 
are  right,  in  so  far  as  no  such  movement  can  be  directly  demonstrated. 

It  has  been  repeatedly  asserted  that  Darwin's  views  are  not  in  accor- 
dance with  what  is  known  as  to  the  mode  of  occurrence  of  corals  in  ancient 
marine  deposits.  I  have  made  a  personal  study  of  all  the  more  important 
and  well-known  coral  formations  in  the  Gosau  beds,  the  Eocene  of  Cormons, 
the  Oligocene  of  Crosara  and  Castel  Gomberto,  yet  notwithstanding  the 
abundance  and  variety  of  the  corals,  sometimes  forming  really  large  isolated 
growths,  I  have  never  seen  anything  in  these  localities  which  could  be 
called  a  true  coral  reef.  The  corals  lie  heaped  together,  with  shells,  in 
tafia  or  marls,  that  is,  always  in  clastic  sediments.  The  loose  nature  of  this 
material  renders  the  corals  an  easy  spoil,  consequently  they  are  abundantly 
represented  in  collections,  and  hence  the  reputation  of  these  localities. 
Coral  reefis  must  be  looked  for  in  hard  limestone,  but  in  these  late  Neozoic 
formations  I  know  of  no  masses  of  limestone  which  could  be  termed  reefs 
in  the  true  sense  of  the  word.    The  only  conclusion  to  be  drawn  from  this 

^  F.  Ton  Richthofen,  Fdhrer  far  Fonchongsreisende,  p.  406  et  aeq. 
B  Y 
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is  that  at  this  period  the  requisite  oonditioiis  for  the  growth  c 
not  exist  in  Europe. 

In  the  Rhaetic  stage  there  are  marly  beds  which  have  affix 
and  the  Rhaetic  zone  of  the  southern  Alps  contains  reef-bnfld 
such  as  Convexcutraea  Azzarolae,  Thamriodrasa  MeriarU,  ac 
marpha  Bcidiani,  which  also  occur  in  the  mnrthem  Alpa^. 
species,  buried  in  marl,  do  not  form  coral  reefe.  To  disoove 
like  continuous  growths  we  must  examine  the  underlying  or  : 
lithodendron  limestone ;  here  we  may  see  masses  16  to  20  mete 
perhaps  even  more,  which  are  actually  formed  of  the  cylindrical 
Lithodendron ;  but  these  also,  as  far  as  I  have  been  able  to  ob 
have  rather  the  appearance  of  thick  beds  than  of  true  reefs.  T 
ment  in  beds  is  predominant,  and  the  resemblance  to  the  beds  o 
or  to  the  incrusting  coral  growth  on  the  calcareous  mud  of  Fl< 
unmistakable.  The  evidence  presented  by  these  ancient  sedin 
deposition  of  dolomite,  as  such,  directly  from  the  sea  is,  1 
the  clearest  nature.  Agassiz  says  that  the  fine  calcareous  mu 
and  kills  the  corals.  On  the  Osterhom  corals  occur  in  a  whil 
and  their  calyces  are  filled  with  dark  coloured  dolomite,  which 
them  from  above  *. 

The  existing  structures  which  are  most  closely  allied  to  the 
of  south  Tjnrol  are  perhaps  the  older  tabular  masses  which  i 
from  the  middle  of  recent  reefs,  but  there  is  no  reason  to  supp( 
beds  in  south  Tyrol  were  surrounded  by  similar  reefs.  With  th 
of  those  places  where  interbedding  with  adjacent  tatb  occurs 
we  appear  to  have  to  do  simply  with  an  interrupted  formation  o 
these  tabular  fragments  had  the  form  of  islands. 

6.  General  Survey.  We  have  referred  to  only  a  very  few  of  \ 
able  events  which  distinguish  the  history  of  the  Tertiary  aera 
the  close  of  the  Cretaceous  period,  but  before  it  had  actually  i 
end,  a  great  and  progressive  decrease  in  the  extent  of  the  se 
take  place.  In  the  middle  of  the  central  Mediterranean  and  in 
we  can  discern  no  trace  of  this ;  there,  marine  sediments  succeed 
without  interruption.  But  around  these  regions  large  areas  we 
fresh-water  formations  accumulated :  on  the  one  hand  the  Garum 
which  extended  on  both  sides  of  the  Pyrenees  and  into  the  va 
Rhone,  on  the  other  the  contemporaneous  Libumian  series,  whi 
the  region  north  of  the  Adriatic;  these  show  how  great  th 
movement  must  have  been,  and  recall  the  conditions  which  p: 
the  close  of  the  Jurassic   period.     The  Tertiary  sea   then   ad 

^  Reuss,  Ueber  einige  Anthozoen  der  Kdssener  Schichten  und  der  al] 
Sitzungsber.  k.  Akad.  Wiss.  Wien,  1864,  L,  pp.  153-168. 

'  Cf.  note  3,  p.  263  of  the  preceding  chapter  on  the  sufifocation  of  the  con 
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repeated  oscillations:  in  the  Oligocene  a  temporary  connexion  between 
Europe  and  the  far  north  was  established  along  the  east  slopes  of  the 
Ural;  then  with  ever-increasing  clearness  we  perceive  the  progress  of 
those  events  by  which  the  ancient  central  Mediterranean  sea  was  dis- 
membered and  diminished.  Its  communication  with  India  was  destroyed. 
Then  it  lost  Irania,  Turkestan,  Asia  Minor,  and  the  western  border  of  the 
Alps;  the  communication,  indicated  by  the  sub-littoral  fauna,  with  the 
West  Indies  was  broken  up.  Then  the  Sarmatian  region  became  separated 
off;  finally,  not  only  the  Aralo-Caspian  region,  together  with  south  Russia, 
but  also  the  valley  of  the  Danube  was  given  up.  Next  came  a  period  of 
erosion,  when  valleys  were  carved  out,  and  then  the  Pontic  Cardium  beds 
were  spread  abroad  as  far  as  the  valley  of  the  Rhone.  This  is  the  epoch  of 
greatest  shrinkage :  the  strand  stood  lower  than  at  present.  Then  the  sea- 
level  began  to  rise  again,  and  at  the  arrival  of  the  northern  immigrants 
it  exceeded  its  existing  height.  Subsidences  extended  the  area  of  the  sea, 
and  the  world  became  much  as  we  see  it  now.  The  existing  Mediterranean 
is  the  residuum  of  an  Ocean,  which  extended  parallel  to  the  equator,  and 
at  one  time,  before  the  Atlantic  came  into  existence,  surrounded  half  the 
globe. 

There  were  other  marine  areas  which  maintained  a  protracted  existence, 
but  have  left  no  recognizable  signs  of  the  manner  in  which  they  opened 
into  the  Ocean :  these  were  situated  over  the  regions  bordering  the  North 
sea  in  the  south,  in  particular  the  north  of  Germany  and  the  south-east 
of  England  (I,  p.  291);  but  in  the  whole  region  of  the  North  Atlantic 
coast,  Bs  well  as  in  North  America  down  to  the  fortieth  parallel,  marine 
Tertiary  deposits  are  wholly  absent.  North  of  the  Lofoten  islands,  we 
enter  a  region  which,  as  we  found  when  studying  the  distribution  of  the 
Meeozoic  seas,  is  more  closely  allied  with  the  Pacific  than  the  Atlantic: 
the  Tertiary  molluscan  fauna  of  this  region,  which  reveals  the  temporary 
advance  of  the  sea  across  Spitzbergen  to  east  Greenland,  where  it  is 
associated  with  the  plant-bearing  beds,  may  perhaps  have  come  from  the 
Pacific  Ocean  by  way  of  Mul&to  on  the  lower  Yukon.  This  is  a  point 
on  which  we  do  not  possess  as  yet  any  precise  information. 

The  coast  of  North  America,  below  the  fortieth  parallel,  presents 
a  regular  succession  of  marine  Tertiary  beds,  resting  on  the  Cretaceous, 
which  extends  far  towards  the  south;  but  here  also  there  is  a  gap. 
Certain  upper  members  of  the  Tertiary  group  are  apparently  absent,  and 
on  the  otiier  hand  a  very  recent  marine  formation  occurs  in  transgression. 
Here,  also,  we  majr  fairly  suppose  that  in  a  late  phase  of  the  Tertiary  aera 
the  strand-line  li^  lower  than  at  present,  and  in  the  next  succeeding  phase 
it  again  stood  higher  than  it  does  now. 

The  Caribbean  sea  is  also  a  remnant  of  that  great  Ocean  which  once 
extended  parallel  to  the  equator,  across  the  existing  Atlantic.    This  is 

Y  a 
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shown  by  the  preaenoe  of  European  elonents  which  oontiniic 
trodnoed  into  its  soooessive  marine  &MUias,  up  to  the  dose 
Mediterranean  age.  Thus  it  appears  that  thoee  two  paHs  of  \ 
coad,  which  in  conirad  with  the  re$t  poness  the  Pacific  atrud 
oordillera  of  the  Antilles  and  the  broken  are  of  Gibraltar,  ma 
once  occupied  by  that  ancient  Ocean^  the  *  Central  Mediter 
Neumayr. 

In  tiie  interior  of  the  United  States  the  negative  phase,  whi 
Cretaceous  transgression,  is  represented  by  the  Laramie  stage ; 
water  lakes  existed  here  daring  the  different  periods  of  the  Tex 

On  the  Patagonian  border  of  the  Atlantic  extensive  continei 
with  two  marine  intercalations  extend  to  the  sea ;  they  show  tl 
was  sometimes  situated  much  nearer  the  cordilleras,  sometime 
the  east  than  the  existing  coast  The  second  transgression  did 
so  far  as  the  first ;  but  a  third  marine  formation  follows  the  qu 
stage,  with  a  very  recent  fauna ;  it  rises  with  continually  increi 
as  it  is  traced  towards  the  south.  Between  the  qner- Andinian  a 
last  marine  Tertiary  formation  a  great  hiatus  occurs,  greater,  i 
can  judge,  than  that  of  North  America,  and  certainly  much  £ 
that  of  Europe  :  and  here,  also,  we  find  on  the  whole  that  at  a 
the  Tertiary  aera  the  strand-line  lay  lower,  and  at  a  still  later  i 
than  at  present. 

The  Tertiary  beds  of  Chili,  of  which  Philippi  has  given 
accounts,  I  have  not  ventured  to  take  into  consideration.  The 
the  height  of  the  quer- Andinian  stage  towards  the  south,  whi 
occurs  in  Chili,  will  be  specially  considered  later.  Owing  to  tl 
tary  state  of  our  knowledge  I  have  been  compelled  to  refi 
discussion  of  the  Tertiary  deposits  of  the  Pacific  region,  and  the 
tion  on  the  south  border  of  Eurasia,  in  Java  and  Sumatra,  alon 
and  in  the  Persian  gulf. 

Within  the  Indian  and  Atlantic  regions  the  Cretaceous  cov 
of  Brazil,  and  proceeds  towards  the  coast  without  an  accompanyj 
border.  The  sea  washes  against  a  strip  of  Cretaceous,  which  e: 
interruptions,  from  Piauhy  to  Bahia,  and  probably  to  the  Abn 
the  same  on  the  west  coast  of  Africa,  from  the  Ellobi  islands  to  . 
In  Natal,  also,  marine  Cretaceous  deposits  advance  to  the  s€ 
panied  by  a  Tertiary  border.  The  facts  are  the  same  in  the  nc 
India,  on  the  Narbada ;  and  off  the  mouth  of  this  river  lies  the 
of  Perim,  formed  of  Tertiary  sand  and  gravels,  with  the  remai 
therium,  Mastodon,  and  giraffes — an  evidently  fluviatile  dej 
Pondicherry  likewise  the  Cretaceous  occurs  without  a  Terti 
But  associated  with  these  intervals  of  coast  there  are  others  of 
length,  where  neither  Cretaceous  nor  Tertiary  is  seen,  but  dj. 
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alone;  this  is  the  case  in  the  south  of  Brazil,  as  far  as  and  beyond  Rio 
Cfarande  do  Sul,  in  Africa  for  an  unknown  distance,  in  India  from  the 
Narbada  to  cape  Comorin,  and  from  Pondicheny  to  the  mouths  of  the 
Chuigea  The  Cuddalore  sandstone  in  the  south-west  is  of  comparatively 
very  recent  date. 

According  to  all  the  evidence  with  which  I  am  acquainted  these  coasts, 
distinguished  by  the  absence  of  an  outer  Tertiary  border,  are  found  chiefly 
in  low  latitudes,  forming  a  zone  in  the  Atlantic  and  Indian  regions. 

The  coral  islands  of  existing  seas  exhibit  in  many  places  relict  strand- 
lines  and  relict  fragments  of  ancient  plateaux;  they  occupy  a  region 
characterized  by  very  extensive  and  extremely  uniform  oscillations  of  the 
strand-line :  the  oceanic  atolls  have  attained  the  surface  of  the  sea  owing 
to  the  existence  of  the  positive  excess.  In  Florida  the  foundation  of  the 
Keys  has  been  formed  by  an  accumulation  of  material  under  the  influence 
of  a  current.  The  continuance  of  a  positive  phase  at  the  present  day 
cannot  be  demonstrated  from  the  living  reefs,  nor  is  it  susceptible  of 
measurement. 

With  the  quer-Andinian  stage  we  reach  the  most  recent  transgression 
known  to  us :  the  coral  reefs  are  the  result  of  processes  which  came  into 
operation  at  a  period  immediately  antecedent  to  the  present,  and  are  still 
in  progresa  I  am  now  obliged  to  interrupt  for  a  time  the  historical 
sequence  of  this  account,  in  order  to  discuss  certain  special  points,  par- 
ticularly the  strand-lines  of  the  north  and  the  much-debated  problem 
of  the  temple  of  Serapis  near  PozzuolL  Next,  we  must  consider  the 
different  behaviour  of  incompletely  closed  seas,  such  as  the  Baltic  and 
the  Mediterranean,  and  then  we  shall  be  able  to  return  to  the  most  recent 
tranflgreesions. 


"4. 


326 


CHAPTER  VIII 
THE  STRAND-LINES  OF  NORWAY 


From  Tjoalma  Vagge  to  the  teft.  From  lake  Torne&  to  the  eea.  Mo^ 
ice  contraiy  to  the  slope  of  the  Talleyi.  Origin  of  the  glint  lakes  of  Lap] 
strand -lines  of  the  Qords.  Origin  of  the  seter.  Comparison  with  GreenL 
left  by  the  retreating  ice. 

1.  From  TjocUma  Vagge  to  the  eea.  The  ooasts  of  northi 
are  marked  at  intervals  by  long  terraces  or  grooves  cat  i 
The  origin  of  these  terraces  and  grooves  is  a  question  that  a 
suggest  itself  to  any  observer  visiting  this  region.  Since  I 
Buch's  memorable  journey  at  the  beginning  of  the  last  o 
Bravais'  observations  on  the  rise  of  the  strand-line  in  the  Alt< 
problem  has  been  made  the  subject  of  an  extensive  literf 
strand-lines  in  their  various  forms  are  not  the  only  problem 
claim  attention ;  another  and  scarcely  less  disputed  question  i 
with  it— the  origin  of  the  fjords.  A  glance  at  the  map  shows 
mistakable  relations  exist  between  the  great  lakes  of  Laplanc 
of  the  valleys  which  open  into  the  fjords  towards  the  west ;  soi 
lakes  themselves  actually  discharge  their  water  into  the  Atla 
These  &cts  show  that  we  cannot  hope  to  reach  definite  conclti 
the  phenomena  which  occur  at  the  mouth  of  a  fjord  without  a 
of  its  entire  valley  system  from  the  existing  watershed  down  to 

I  have  already  mentioned  in  a  previous  chapter  that  in 
a  general  survey  of  the  connexion  between  these  phenomena  I  sh< 
as  illustrations  those  valleys  possessing  outflows  which  unite  in  th 
and  discharge,  above  lat.  69°  N.,  by  a  long  estuary  into  the  fjord  o 
(II,  p.  58).  Leaving  the  two  points  we  had  reached  on  the 
I  will  now  attempt  to  discuss,  after  a  brief  glance  at  the  map 
peculiarities  of  the  valleys  and  the  features  which  characterize  t 

The  Maals  Elv  is  formed  by  the  waters  of  three  main  valleys 
the  Ruosta,  the  Divi,  and  the  Bardo  Elv. 

^  The  heights  marked  with  an  asterisk  were  determined  bj  means  of 
aneroid  and  compared  with  the  observations  of  the  meteorological  statioi 
The  Director,  Herr  Hann,  was  good  enough  to  make  the  calculations.  Othi 
height  have  been  taken  from  the  official  map  published  bj  the  Norwegian  ( 
In  this  chapter  measurements  are  frequently  given  in  Norwegian  feet ;  thi 
inevitable  on  account  of  the  frequent  use  of  whole  numbers  by  the  obseners  ( 
foot  »  0*3137  meter ;  1  mile  =  11,295.8  meters). 
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The  Ruoda,  which  lies  most  to  the  east,  is  discharged  from  the  glint 
lake,  Ruosta  Jaure ;  it  flows  at  first  in  a  gentle  curve  to  the  north-west 
and  west-north-west,  and  traverses  the  Lille  Ruosta- Vand,  at  the  foot  of 
the  Ruoeta  fjeld  (II,  Fig.  6,  p.  60).  From  this  lake  onwards  the  course  of 
the  Maals  Elv,  so  long  as  it  maintains  a  westerly  direction,  should  evidently 
be  regarded  as  the  continuation  of  the  Ruosta.  Beyond  the  bend  of  the 
Maals  Elv,  the  direction  of  the  Ruosta  is  continued  in  an  unmistakable 
manner  through  the  elongated  lake  of  Ands-Vand  (153-7  meters)  into  the 
Solberg  fjord.  Thus  the  waters  of  the  Ruosta  are  diverted  under  existing 
conditions  and  flow  through  the  lower  Maals  Elv  into  the  Malangen  Qord. 

The  middle  river,  the  Diui,  is  connected  by  a  secondary  valley  on  its 
right  side,  the  Skakterdal,  with  the  high  plateau  of  Tjoalma  Vagge,  and  in 
that  direction  no  watershed  appears  to  exist  between  the  river  and  the 
glint  lake,  Tjoalma  Jaure.  A  very  remarkable  feature  is  presented  on  the 
left  side  of  the  Divi  by  two  valleys,  which  descend  at  first  in  a  direction 
opposed  to  that  of  the  Divi,  and  conclude  by  entering  it,  after  swinging 
round  in  a  sharp  bend;  these  are  the  valleys  of  the  Anavanda  and  the 
Hogskar  Elv.  Near  Overgaard,  close  to  the  Ruosta  Yand,  the  Divi 
reaches  the  upper  Maals  Elv,  which  here,  as  we  have  seen,  is  the  continua- 
tion of  the  Ruosta,  and  its  waters  turn  to  the  west  almost  at  a  right  angle. 
But  the  direction  of  the  Divi  to  the  north-north-west  is  clearly  continued 
in  the  chain  of  larger  and  smaller  lakes,  which  includes  the  Fjeld  Frosk, 
Tagvand  (220  meters)  and  Sagelvand  (90  meters),  and  terminates  in  the 
Sorkjosen  in  the  Bals  fjord  and  the  Nord  fjord  in  Malangen.  Thus  the 
Divi,  like  the  Ruosta,  is  twice  diverted  from  its  original  course ;  the  direction 
of  which  is  continued  by  a  chain  of  lakes  standing  at  a  higher  level. 

The  third  river,  the  Bardo^  includes  two  reaches,  an  upper  and  a 
lower.  The  upper  runs  to  the  north-west,  and  its  higher  part  is  the  glint 
lake,  48  kilometers  long,  which  arises  from  the  junction  of  the  Lonnes 
Jaure  (Lejna  Yand)  and  the  Alte  Yand  (516  meters).  This  great  sheet  of 
water,  which  is  evidently  only  an  enlarged  river  course,  flows  to  the  north- 
west towards  the  Atlantic  Ocean,  but  parallel  to  it  and  close  beside  it  lies 
the  Gievne  Jaure,  16  kilometers  long,  which  flows  out  towards  the  south- 
east, like  most  of  the  glint  lakes  which  discharge  into  the  Baltic,  but  in 
this  case  the  outflow  bends  round  in  a  sharp  curve  to  join  the  Lonnes  Jaure, 
and  thus  precisely  repeats  the  behaviour  of  the  lateral  valleys  on  the  left 
side  of  the  Divi.  This  upper  reach  of  the  Bardo  receives  the  northwards- 
flowing  Sordal  Elv,  which  runs  in  a  deep  bed  from  the  watershed  close  to 
the  lake  of  Tomea.  Near  the  parish  of  Bardo  the  north-westerly  running 
upper  branch  of  the  Bardo  Elv  terminates,  and  the  valley  takes  a  north- 
north-east  direction.  At  this  place  there  is  a  very  low  col,  which  passes 
from  Bardo  westward  to  the  Salangen  Elv,  the  upper  lake  of  Salangen,  and 
the  Salangen  fjord.    But  the  river  itself  now  enters  its  lower  reach  below 
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Bardo,  nms  to  the  north-noitli-eMtk  and  eaeoaatw 

the  direetkm  of  the  Rnoete ;  while  the  lower  Meali  Ehr,  tdg 

eetoeiy ,  proeeede  to  the  ncnrth. 

Hiiu  our  flint  glance  at  the  map  leveab  m  peeoliarily  o 
hnportaiice  in  the  study  of  thia  r^gioii»  when  moem$im  vaOe^ 
bmn  9uperimpo9ed  one  upon  anothmr.    The  river  vaDejB  mr 
long  troQgfaa,  which  are  ooeapied  by  lakes  and  lie  srrenl  hand 
them ;  thus  the  Rnosta  is  continued  into  the  Solbeig  Qoird, 
eqnal  deamess  into  the  chain  of  lakes  whidi  extend  bom  the 
the  Bale  Qord,  and  the  upper  Baido  in  all  probability  to  tlie 
Salangen.    I  may  at  once  mention  that  these  hi^^ier  lyings 
so  far  aa  I  am  acquainted  with  them,  without  exeqytioti 
excavated  glacier  beds.    The  ice  filled  all  the  hoDows  of  t 
and  moved  forwards  in  them,  hut  the  runrdng  water  whit 
ddected  only  a  part  of  the  glacial  vaUejf  eyetem,  and  deepen 
The  remaining  part^  lying  at  a  higher  level,  has  been  left  behi 
chains  of  lakeSi 

We  are  now  able  to  interpret  these  valley  systems,  differei 
disposed  at  diflferent  levels.  The  oldest  and  least  known  is  i 
valley  system.  Fragments  of  it  are  represented  by  Anavand 
Elv,  and  Qievne  Jaure,  where  the  ancient  slope  to  the  soutl 
served.  With  the  advent  of  the  glacial  epoch  the  ancient  c 
fiUed  with  ice,  and  enlarged  after  a  plan  which  depended  on 
and  damming  back  of  the  ice,  but  not  on  the  fall  of  the  pre-exi 
Thus  the  second  or  glacial  valley  system  arose.  The  third  is 
system,  which  the  rivers  are  still  shaping  out. 

Nearly  the  whole  region  of  these  valleys  is  included  wit 
bedded  ancient  table-land,  the  structure  of  which  has  already  be 
The  band  of  gabbro  and  eclogite,  which  strikes  from  Lyngi 
across  the  valley  of  the  Maals  EIv  towards  the  Istind  in  Ba; 
to  have  had  no  influence  on  the  formation  of  the  valleys.    Th 
terminates  on  the  Swedish  side  in  that  steep  descent  we  have 
Lapland  glint,  and  the  great  lakes  are  true  glint  lakes  lyin{ 
slope;   thus   the   glint   runs   across   the   middle  of  lake  To. 
the  Qievne  Jaure  and  the  Alte  Vand.    In  the  valley  of  the  upp 
ancient  foundation,  according  to  Pettersen,  extends  somewhat 
the  north ;  on  Tjoalma  Vagge  the  glint  is  broken  up  into  gw 
like  table  mountains  (II,  Fig.  7,  p.  61),  and  thence  it  proceeds  fa 
Ruosta  Jaure.    Thus  these  lakes,  whether  they  discharge  into 
sea  or  the  Atlantic  Ocean,  follow  the  general  rule  and  extend  t 
across  the  glint. 

The  movement  of  the  ice,  however,  so  far  as  I  could  dii 
everywhere  directed  towards  the  Atlantic:  more  to  the  soutl 
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laboriona  investigations  of  Horbye  a«nd  his  successors  to  show  that  the 
lest  level  of  the  ice-mass  lay  east  of  the  existing  watershed ;  but  here 
the  north  the  fact  is  obvious  at  first  sight,  and  if  any  doubt  were  felt 
would  be  at  once  removed  by  the  conspicuous  blocks  of  red  Swedish 
gKinite  which  have  been  carried  in  immense  numbers  across  the  glint,  and 
Plimii^li  its  portals,  on  to  the  Norwegian  table-land. 

Let  us  now  examine  the  country  a  little  more  closely. 
;'       Oar  first  traverse  runs  from  Tjoalma  Vagge  through  the  Skakterdal 
l^jtnd  Divi  across  the  chain  of  lakes  of  the  Tag  Vand  and  Sagel  Vand  to  the 
iSab  fjord.    This  is  the  same  line  as  that  we  have  already  described,  at 
|:leut  as  regards  its  more  elevated  part  in  a  previous  chapter  (U,  p.  60). 

On  the  lofty  barren  surface  of  the  Tjoalma  Vagge  we  are  surrounded 

;'i%gr  ft  boundless  labyrinth  of  low  mounds  of  stones.     Peat  bogs  and  number- 

clesB  pools  of  water  broaden  out  between  them.    Low  rounded  bosses  of 

Had  granite  project  from  the  mass  of  d^ris,  and  reveal  the  fact  that  we 

:  an  standing  on  the  foundation  of  the  table-land.    This  is  moraine  land. 

No  one  can  say  exactly  where  the  watershed  lies  between  the  Baltic  sea 

and  the  Atlantic  Ocean,  the  latter  as  the  crow  flies  only  77  to  80  kilometers 

•way.    In  the  season  when  the  snow  melts  all  this  country  is  probably 

inimdated ;  nothing  but  a  few  stony  ridges,  higher  than  the  rest,  will  rise 

above  the  water  here  and  there,  and  the  direction  of  the  outflow  will 

depend  upon  the  wind. 

Towards  the  north,  west,  and  south-west  rise  like  phantoms  the  great 
eabical  masses  into  which  the  glint  is  broken  up ;  far  away  the  outlines 
of  the  table  mountains  are  veiled  in  mist,  and  through  the  mist  their 
anowfields  glisten.  The  foot  of  the  nearest  mountain,  Store  Jerta,  is 
eunounded  by  a  terrace,  about  15  to  20  meters  high.  Whether  this  little 
cliff,  which  faces  the  labyrinth  of  stony  mounds,  indicates  the  border  of 
a  once  continuous  and  permanent  sheet  of  water  or  of  a  temporary 
innndation  is  a  question  I  will  not  pretend  to  answer.  (Upper  edge, 
728-4  meters.*) 

A  chain  of  pools,  united  by  a  thread  of  water,  extends  towards  the 
portal  between  the  table  mountains  Store  Jerta  and  Namna.  The  breadth 
of  Htns  is  scarcely  more  than  800  meters,  at  the  level  of  the  route  by  which 
we  pass  through  it,  and  this  is  no  great  height  above  the  bottom.  We 
stand  here  at  one  of  the  passages  through  which  the  ice  advanced  towards 
Norway.  To-day  it  presents  the  aspect  of  a  glacier  bed,  scarcely  changed. 
Bemnants  of  the  moraines  of  Tjoalma  Vagge  appear  to  penetrate  into  the 
portal ;  they  are  broken  up  into  barren  isolated  sand-hills  with  somewhat 
steep  slopes  scattered  here  and  there  over  the  ground.  Higher  up  on  the 
slopes  of  both  mountains,  particularly  of  the  Namna,  we  see  several  long 
mounds  of  sand,  more  like  dunes  than  moraines,  which  evidently  slope 
downwards,  that  is,  with  the  water  drainage.    At  one  spot  we  see  five  or 
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six  of  these  ridges  on  the  Namna,  resting  obliquely  one  agains 
They  are  the  vestiges  of  the  last  movement  of  the  ioe  in  the  ] 
Pettersen  has  ascended  the  Store  Jerta  and  found  bloeks  of  the 
from  Sweden  on  its  summit ;  there  was  thus  a  time  when  the  ( 
of  the  portal  were  overwhelmed  by  the  ioe. 

Where  the  land  widens  out  below  and  at  the  mouth  c 
hundreds  of  circles,  two  to  four  meters  in  diameter,  are  seattei 
surface ;  this  is  enchanted  ground,  a  dancing  place  for  the  el^ 
spots  figure  in  folklore :  but  in  fact  the  circles  are  formed  bj 
grass,  which  grow  outwards  at  the  margin  and  die  away  in 
a  sort  of  v^etable  atoll  ^. 

We  have  now  walked  round  the  Store  Jerta ;  the  finer  d^r 
it  the  fairy  circles,  is  gone,  and  we  stand  on  a  broad  glaci 
a  little  hollow  are  seen  the  first  stunted  birches  (699*6  meters*) 
polished  surfaces  extend  far  and  wide.  These  are  great  : 
bosses  of  schist  and  quartzite,  and  although  the  whole  reg 
bedded,  yet  violent  local  foldings  are  revealed  on  the  polished 
the  rocks.  Over  the  roches  moutonn^  erratic  blocks  are  set 
strangely  uniform  manner,  we  might  almost  say  at  equal  dist 
blocks  consist  chiefly  of  red  granite :  as  a  rule  they  are  somewh 
a  cubic  meter  in  size ;  some  of  them  larger.  They  lie  on  and  1 
roches  moutonn^  just  as  the  ice  has  left  them,  and  sometimes  1 
of  the  hand  is  sufficient  to  send  a  heavy  mass  clattering  do^ 
summit  of  the  boss  on  which  it  rests.  The  moutonn^ed  surf 
recognized  on  the  slope  at  our  right  for  a  height  of  at  least 
above  us. 

On  this  part  of  the  glacier  floor  sand  and  small  stones  are  n 
regular  distribution  of  the  blocks  on  the  roches  moutonn^ 
correspond  with  the  ideas  generally  entertained  as  to  the  n 
ground  moraine.  While  here  everything  looks  so  fresh  and  u 
on  our  right  the  brook  which  issues  from  the  portal,  and  in  tl 
has  become  the  raging  Skakter,  has  already  excavated  in  the  6 
ground  a  ravine  more  than  100  feet  deep. 

We  now  proceed  along  the  gentle  slope  of  the  glacier  be 
suddenly  comes  to  an  end.  A  low  cliff  of  flat-bedded  quartzi 
below  this  a  spring,  and  then  a  steep  wooded  descent  into  the  va 
Divi.  At  the  bottom  we  see  the  cone  built  up  of  the  material 
Skakter  has  brought  out  of  the  ravine,  and  then  the  rushing  Di^ 

^  Professor  von  Eemer  tells  me  that  SessUria  coerulea  is  the  plant  whi 
forms  these  fairy  rings,  and  that  the  destruction  of  the  vegetation  withi 
border  is  produced  in  two  ways :  in  the  case  of  plants  with  radially  extendi 
the  older  parts  of  the  rhizome  die  and  decay  at  the  centre,  and  new  plants  c 
diately  take  their  place ;  secondly,  the  meadow  grasses  are  killed  by  the  : 
a  fungus  which  accompanies  the  radial  growth. 
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The  Dividal  is  a  rectilinear  narrow  valley ;  its  whole  length  amounts 
to  about  60  kilometers,  of  which  36  go  to  the  rea.ch  below  the  mouth  of 
the  Skakter  valley.  The  hut  of  Frihedsli  (187  meters*),  stationed  in  the 
virgin  forest  of  the  valley  bottom,  was  the  starting-point  of  our  wanderings. 
Here  in  August  we  found  flowery  meadows,  a  noble  forest  growth  of  birch, 
butterflies,  and  in  the  short  twilight  even  bats,  and  only  the  trifling  height 
to  which  the  wood  extends  up  the  mountains  reminded  us  that  we  were  in 
the  latitude  of  central  Greenland.  The  mountains  which  surround  the 
middle  Dividal  are  4,000  to  5,000  feet  in  height  (Njunnes  Vane  opposite 
Frihedsli,  1668*6  meters),  and  throughout  the  year  are  covered  with  more 
or  less  extensive  sheets  of  snow.  If  we  ascend  the  slope  of  the  Anaskole 
above  Frihedsli  we  find  that  both  sides  of  the  valley  up  to  a  certain  fairly 
uniform  level  are  formed  of  a  continuous  sheet  of  d^ris :  I  put  its  height 
above  the  valley  bottom  at  200  to  250  meters.  In  this  debris  we  also  find 
fragments  of  red  Swedish  granite :  we  might  regard  it  as  a  marginal 
moraine,  but  it  nowhere  rises  in  mounds  from  the  rocky  walls  of  the 
valley. 

Through  the  narrow  valley  bottom  rushes  the  Divi  Elv.  I  do  not  think 
it  would  be  exaggerating  to  say  that  the  volume  of  its  waters  is  probably 
six  to  eight  times  as  great  as  would  be  met  with  under  similar  conditions 
of  topography  in  a  valley  of  the  Alps.  The  high  rainfall,  the  great 
quantity  of  snow  which  accumulates  during  the  long  winter,  and  the 
length  of  the  day  in  summer  are  responsible  for  this  extraordinary  volume 
of  water,  and  explain  the  great  and  unusual  power  of  erosion. 

After  a  walk  of  some  hours  down  from  Frihedsli  we  reach  a  somewhat 
broader  valley  bottom,  and  here  the  first  settlements  have  been  made.  The 
river  is  bordered  by  regular  terraces ;  two  or  even  three  occur  one  above 
the  other.  They  have  undoubtedly  been  formed  by  the  river  itself ;  this 
is  apparent  from  the  fact  that  ox-bow  terraces,  that  is  islands  of  alluvium 
which  have  been  left  in  place,  occur  on  the  older  terraces.  Such  isolated 
spur-shaped  fragments  of  terraces  can  only  have  been  left  by  running 
water,  and  indeed  by  the  displacement  of  the  river  bed.  They  overlook 
the  adjacent  valley  bottom ;  several  of  the  farms  have  been  built  on  the 
terminal  spur  of  one  of  these  ox-bow  terraces. 

Towards  the  end  of  the  valley  the  Divi  enters  a  ravine ;  on  the  left  we 
ascend  a  ridge,  presenting  in  its  lower  part  moutonn^ed  bosses  of  schist 
and  quartzite ;  above,  an  accumulation  of  blocks,  probably  part  of  a  moraine, 
which,  however,  lies  higher  than  the  valley  bottom  of  the  Divi ;  on  the 
other  side  the  road  runs  down  towards  Overgaard  (58*6  meters*),  where 
the  Divi  joins  the  Maals  Elv ;  here  also  river  terraces  occur. 

We  cross  the  low-lying  terraced  river  valley  and  enter  the  ancient 
prolongation  of  the  Dividal  toward  Bals  fjord  indicated  by  the  lakes. 
This,  as  we  have  seen,  is  a  glacier  bed.    Pettersen  has  also  recognized  the 
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fact  that  the  ice  which  came  down  the  Dividal  eroned  the  ^ 
Maala  Elv  and    proceeded  towaida  Bala   Qord,  and  eooaec 
the  valley  of  the  Maals  Elv  has  been  deepened  aahaequentlj 
he  showed  besides  that  on  the  right  side  of  this  glacier  bed  I 
granite  occur  nearly  op  to  the  summit  of  the  Omasvane,  aiH 
they  cover  the  slopes  of  the  great  Manktind,  whidi  is  much 
the  Omasvane,  to  aboot  2,500  feet  above  the  sea,  or  aa  far  ai 
examined  ^    The  ice  as  it  passed  throng  this  tronj^  mnc 
been  of  great  thickness.    The  terraces  of  the  river  valley  hi 
appeared ;  roches  montonn^  surround  us  on  all  sides.    Tlieir 
rounded  summits  protrude  from  the  peat  bogs  whidi  surroux 
waters  of  the  Lompol  Vand,  and  accompany  us  as  far  as  the 
waters  of  the  Tag  Vand  (173-8  meters),  which  wash  against  th 
Mauktind ;  the  rocky  slopes,  as  we  can  plainly  see,  are'likewis 
a  great  height  above  us.      Beyond  the  Tag  Vand  the  coun 
peculiarly  characteristic  features.    On  the  slopes  of  the  Q 
wade  through  high  ferns ;  a  few  beeches  remind  us  of  our  ow 
on  the  left  lies  the  bare  U-shaped,  polished  glacier  bed  with 
bosses,  and  in  between  them  innumerable  little  pools  of  water 
partly  into  the  Tag  Vand  and  partly  into  the  Sagel  Vand  U 
they  are  the  most  remote  retreats  to  which  the  salmon  ascend 
of  any  depth  is  to  be  seen;    travelled  blocks  are  strewn  ai 
alsolutely  impossible  to  suppose  that  this  glacier  bed  can 
covered  by  the  sea  since  the  retreat  of  the  ice,  and  that  the  f 
have  remained  so  completely  unchanged,  the  glacial  striae  s 
little  hollows  between  the  bosses  unsilted  up,  and  the  scati 
undisturbed,  notwithstanding  the  play  of  the  tides.    And  yet 
floor  here  lies  only  130  to  150  meters*  above  the  sea,  and  da 
and  lower  as  we  proceed. 

Above  the  farm  of  Myre,  nearly  400  feet  above  the  sea,  -% 
the  hard  schists  quite  sharply  marked  with  glacial  striae  directs 
valley,  and  below  the  farms  the  roches  moutonn^  and  travc 
amongst  them  red  granite,  lift  their  heads  above   the   peat 
stretches  away  as  far  as  the  Sagel  Vand.    The  bed  of  the 
sloped  gradually  down  to  the  level  of  the  Sagel  Vand  (90  m 

The  Sagel  Vand  is  the  last  lake  that  we  meet  with  along  th 
it  is  said  to  be  220  feet  in  depth,  so  that  its  bottom  lies  a  litth 
existing  level  of  the  sea.  On  its  right  we  observe  what  appears  U 
lateral  moraine,  and  at  its  lower  end  are  indications  of  a  termin 
but  as  to  this  I  am  not  certain.  With  this  lake  the  U-shaped  vt 
to  an  end.     Recent  alluvial  land  evidently  forms  a  considerable 

*  E.  Pettenen,  Del  nordlige  Norge  under  den  glaciale  og  post  glacii 
Granitisk  flytblokkeBtrOm  udefter  Balsijorden ;  TromsO  Mus.  Aarsh.,  1884, 1 
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lower  termination,  although  rounded  bosses  of  rock  project  from  it.  The 
alluvial  land,  formed  of  sand  and  gravel,  extends  below  the  lake  in  a  plain, 
which  broadens  out  downwards :  we  proceed  along  this  plain  for  a  distance 
of  4-5  kilometers,  and  then  before  us  lies  the  Bals  fjord.  We  now  find  our- 
selves on  the  upper  edge  of  a  slope,  which  towards  the  sea  is  divided  into 
two  sharply  defined  terraces. 

A  result  of  great  importance  follows  from  all  these  observations.  The 
ice-streams  which  entered  the  country  from  Sweden,  flowing  through  the 
portals  of  the  glint  and  above  them,  had  their  bed  at  a  higher  level  than 
a  great  part  of  the  existing  Dividal  and  the  existing  valley  of  the  Maals 
Elv.  We  have  traced  this  bed  through  the  upper  Skakterdal,  as  far  as  the 
steep  descent  to  the  Dividal.  Its  continuation  is  seen  in  the  U-shaped 
trough  of  the  Tag  Vand,  where  it  is  much  deeper  than  in  the  portal,  but 
still  some  hundreds  of  feet  above  the  existing  valley.  The  slope  of  this 
glacier  is  directed  towards  the  Bals  fjord.  Its  policed  bed,  after  its  level 
has  fallen  to  90  'meters,  sinks  beneath  the  waters  of  the  Sa^el  Vand;  this  is 
hdd  up  on  the  seaward  side  by  a  c2am,  formed  perhaps  by  a  terminal 
moraine,  and  certainly  by  the  alluvial  laoid,  in  which  the  terraces  of  the 
Bals  fjord  have  been  carved  out. 

The  terraces  at  the  time  I  crossed  them  afforded  some  excellent  sections, 
exposed  in  the  construction  of  a  new  road.  They  consist  of  angular  sand 
with  pockets  of  small  pebbles  in  considerable  quantity.  The  pocket-like 
intercalations  are  obliquely  inclined,  and  more  steeply  than  the  outer  slope 
of  the  terrace.  Among  the  pebbles  some  well-worn  fragments  of  the  red 
granite  occur.  Now  and  then  a  red  block  of  some  size  may  be  seen ;  Herr 
Pettersen  thinks  that  such  blocks  have  fallen  from  the  top  of  the  slope. 
The  presence  of  small  rounded  pieces  of  carbonized  wood  in  the  sand 
caused  me  the  greatest  surprise ;  they  prove  the  existence  of  trees  during 
the  deposition  of  the  sand.    I  could  find  no  trace  of  marine  animals. 

Let  us  descend  now  to  the  sea. 

2.  From  lake  Tomea  to  the  sea.  At  the  northern  end  of  the  great  lake 
of  Tome&  (31 9-2  meters*)  a  fisherman's  hut,  rarely  occupied,  is  for  miles 
around  the  only  shelter,  with  the  exception  of  the  temporary  encampments 
of  the  wandering  Lapps.  The  hut  is  surrounded  by  an  accumulation  of 
great  blocks;  gneiss,  ancient  schist,  and  even  the  red  granite  occur,  but 
the  last  is  not  so  prevalent  as  in  the  region  of  the  Divi.  The  accumulation 
looks  as  if  it  had  been  pushed  out  from  the  lake ;  but,  while  in  other  cases 
moraines  occur  as  dams  at  the  lower  end  of  a  lake,  here  the  accumulation 
is  situated  at  the  upper  end.  The  promontory  which  projects  into  the  lake 
from  its  lower  and  northern  side,  south-west  of  the  hut,  consists  of  quartz- 
ite,  and  forms  part  of  the  flat-bedded  table-land,  which  surrounds  this  part 
of  the  lake.  We  ride  a  little  distance  along  the  moraine  to  reach  the  ridge 
of  quartzite.  Where  it  joins  the  land  it  is  lower ;  the  depression  is  occupied 
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by  an  ancient  reindeer  endosore,  strongly  boilt,  whidi  hta 
Beyond  it,  quite  rounded  by  the  ice,  rises  the  isolated  quaitsite 
Rdeet,  also  called  Rds,  the  boundary  point  number  272  on  the 
Sweden  and  Norway^.  Directly  below  the  RSs,  in  a  deep 
hollow,  lie  pools  of  water,  without  exit,  between  rounded  bo 
the  watershed  (390-5  meters*),  only  71-3  meters  above  the  lal 
right  it  slopes  down  to  the  lake ;  on  the  left  we  look  into  the 
of  the  deep  ravine  which  the  Sor  Elv  has  sawn  out  in  the  glac 
through  this  it  flings  itself  into  the  SordaL  If  this  torrent 
succeed  in  cutting  through  the  col  below  Polno-RSset,  a  task  i 
great  masses  of  snow  accumulated  every  year  in  this  holloix 
then  lake  Tomea  will  be  added  to  the  Atlantic  r^on,  like  its  I 
neighbours  in  the  north-east 

The  ravine  of  the  Sor  EUv  is  impassable,  and  we  ascend  the 
right,  which  surrounds  the  northern  end  of  the  lake.    Roun 
d^ris,  thinly  covered  with  birch  wood,  are  scattered  over  the 
trees  soon  disappear,  and  we  reach  the  summit  of  the  Sta^ 
(782  meters*)  high  above  the  watershed     We  find  ourselves  o 
a  U-shaped  eroded  trough ;  roches  moutonn^  surround  us,  and 
of  a  glacier  bed  are  present    The  roches  moutonn^  occur  o 
of  the  flat-bedded  mountains  of  schist  and  quartzite  up  to  a ! 
least  100  meters  above  us ;  in  the  bottom  of  the  glacier  bed  1 
has  cut  its  way.     There  can  be  no  doubt  that  the  ice  moved  U 
contrary  to  the  existing  outfall  of  lake  Tomea,  and,  advancing 
existing  slope,  crossed  the  whole  region  from  the  bottom  of  i 
to  the  trough  of  Stagenuni.    Polno-Boset  and  the  watershed  lit 
of  especially  severe  erosion ;  but  the  threshold  above  the  lake, 
bottom  of  the  U,  lies  at  least  200  meters  above  its  surface.     1 
to  which  we  must  add  the  depth  of  the  lake,  must  have  been  i 
by  the  ice. 

Stagenuni  also  lies  in  a  portal,  which  is  distinguished,  hov 
that  of  Tjoalma  Vagge,  not  only  by  its  great  threshold,  but 
greater  breadth.  The  table  mountains  on  both  sides  of  the  up 
Rissovarre  with  the  Duoddarats  on  the  right,  and  Nunnis,  Spit 
others  on  the  left,  stand  much  further  apart ;  the  Sor  Elv,  ho 
the  Skakter,  has  cut  for  itself  a  deep  ravine.  The  destruction  ol 
part  of  the  glacier  bed  by  running  water  is  very  evident  Let  i 
attention  to  the  right  bank.  Below  the  high,  well-stratified, 
peaks,  a  shoulder  rises  like  a  very  broad  shelf.     It  is  the  upper  ] 

*  At  this  point  stone  tablets  bearing  the  royal  monograms  and  the  dal 
1827  have  been  inserted  into  a  pyramidal  pile  of  stones ;  to  light  and  left 
there  is  has  been  cut  down  along  the  line  of  the  frontier,  leaving  a  trail  ] 
road — a  peculiar  sight  in  this  wild  country. 


CUTTING  OP  THE  SOHDAL 


336 


Z.  5 
ll 


3  8^ 


¥Q-l-^ 


-^K^ 


polished  glacier  bed  sharply  marked 
off  from  the  precipitous  slopes 
above.  It  may  be  clearly  seen 
runoing  from  the  north-west  border 
of  lake  Tomea,  below  and  aroimd 
the  summit  of  the  Nunnis,  and  far 
above  the  existing  watershed  into 
the  upper  Sordal.  It  represents 
what  is  left  of  the  (J  of  the  glacier 
bed.  Furthermore,  between  every 
two  pealcfi  lies  a  little  hoUow,  and 
in  the  hollow  and  on  the  shonlder 
is  a  snowfield  (a,  b,  c,  d.  Fig.  82) ; 
out  of  each  snowfield  issues  a  brook ; 
and  each  brook  becomes  a  roaring 
torrent  as  it  precipitates  itself  into 
the  principal  chaimel  of  the  Sor 
Elv,  wearing  away  and  destroying 
the  shotUder  between  the  two  peaks, 
and  at  the  same  time  the  snowfield 
which  feeds  it.  One  of  them, 
broken  up  by  the  high  fall,  fills 
a  great  port  of  the  narrow  valley 
with  clouds  of  spray.  Thus  the 
first  peak  is  surrounded  by  a  fairly 
brood  shoulder  which  ends  abruptly 
against  the  ravine  of  the  SHr  Elv, 
and  is  cut  back  by  the  waterfall ; 
the  second  peak  is  bordered  by  a 
smaller  fragment  of  the  shoulder ; 
still  smaller  is  the  fragment  be- 
neath the  third  peak;  on  the 
fourth,  the  shoulder  has  practically 
disappeared.  The  glacier  bed  is  no 
longer  visible:  its  sole  surviving 
vestiges  are  heaps  of  debris  and 
occasional  blocks  of  red  granite 
scattered  along  the  valley  walls. 
From  this  point  onwards  the  exist- 
ing valley  owes  ite  origin  solely  to 
running  water  and  the  weather. 
In  the  same  manner  the  great 
slopes  of  d^ris  which  occur  in  the 
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DivitUl  havo  no  doobt  arisen.  Thoa  the  U-shaped  valley  giv 
a  V-fihaped  valley  lying  at  a  much  lower  level,  and  at  the  mo 
table-land  is  resolved  into  a  number  of  isolated  mountuns. 

The  Sordal  cuts  its  bed  deep.  The  first  farm,  Sorgaard,  17-4 
below  Polno-Roset,  and  abont  IS  kilometers  below  the  point  in 
Stagenom,  lies  only  108-S  meters  *  above  the  sea.  At  tJbis  point 
bed,  which  has  already  disappeared  ^  above  Sdrgaard,  was  nt 
than  800  meters  above  the  existing  valley  bottom.  So  stnp 
been  the  work  of  running  water  since  the  retreat  of  the  ice  '. 

About  26  kilometeis  below  Polno-Roset  the  valley  broadei 
we  soon  reach  the  Bardo  Elv :  now  terraces  occur,  and  the  at 
Strdnumoen,  stands  only  61-&  meters  above  the  sea  * . 


Ilie  I4/)  tid*  rfOit  <n>«r  B6riat, 


At  Stromsmoen  we  meet  the  Bardo  Elv  in  its  course  fron 
Vand ;  terraces  occur  in  great  number,  and  where  the  river 
the  Maals  Elv  a  broad  step,  formed  of  fine  sand,  covers  a  wid( 
this  terraced  valley  we  stand,  &»  it  were,  beneath  the  ancient  g 
indeed,  the  indefatigable  Pettersen  has  found  roches  moutonn 
right  of  the  valley,  juat  below  the  parish  of  Bardo,  where  1 
a  considerable  height  on  the  mountain  of  Qraahogden :  blocks 
gruiite  were  observed  by  him  as  far  up  as  2,200  feet,  and  on  tJ 
of  the  valley  at  a  height  of  3,000  feet  on  the  Store  Ala  ^. 

'  In  1875,  near  SOTgoard,  a  mightj  fragotent,  larger  than  a  houae,  broki 
the  quartzite  cliff  and  fell  from  top  to  bottom ;  to  the  aatoDiabment  of  the 
it  rebounded  from  the  meadow  below  far  into  the  valley ;  there  it  still  Itei 
isolated. 

*  This  namber  diJFerg  eesentiallj  from  that  of  the  Norwegian  official  raap 
106-9  meters) ;  it  is  the  mean  of  three  measurements  made  on  difTcrent  di 
leave  the  digcrepaucf  to  subsequent  observera.  If  StrOmsmoen  is  situat 
meters,  then  SSrgaard  must  necessarily  lie  higher  than  103-3  meters ;  here  al 
is  the  mean  of  two  closely  concordant  meaaurements. 

'  K.  Pett«nen,  Det  nordlige  Norge,  etc.:  VIII,  Bardodalen  and  XI,  Granit 
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The  Maals  Elv  is  likewise  bordered  by  terraceB,  but  in  its  lower  reaches, 
from  Bakkehaug  onwards,  stiff  blue  clay  in  addition  to  sand  and  gravel 
contributes  here  and  there  to  their  formation ;  this  is  particolarly  the  case 
at  their  base,  near  the  river,  below  Moen  in  the  parish  of  Maals-Elven. 
Below  Maals-Elven  the  terraces  still  present  those  bow-like  excisions,  so 
characteristic  of  the  windings  of  a  river,  which  are  known  in  America  as 
'  ox-bends.'  From  here  onwards  the  blue  day  predominates ;  near  Ouldh&v, 
at  the  commencement  of  the  estuary,  rochee  moutonn^  again  make  their 
appearance ;  the  glacier  bed  has  reached  the  level  of  the  sea  and  the  blue 
clay  of  the  estuary  lies  over  its  hummocks.  A  long  rocky  spur  extends 
northwards  into  the  sea  as  for  as  Maalsnaa,  and  blocks  of  rock  form  so  great 
on  accnmulation  on  its  slopes  that  we  might  almost  imagine  a  moraine 


Fio.  SI.     TTu  a*vtK  Sitltrt. 
A,  roek  (oiuuiUk)  onoe  projecting  ont  of  tbe  ioe-sheet ;  seen  from  the  oea. 

had  here  reached  the  sea.    Some  of  the  blocks  consist  of  red  Swedish 
granite. 

3.  Movement  of  the  ice  against  the  dope  of  the  vaUeye.  It  is  now  well 
known,  as  a  result  of  the  laborious  investigations  of  Norwegian  geolt^ists, 
the  comprehensive  studies  of  Kjerulf  in  particular,  that  the  evidence  left 
by  the  ancient  ice-sheet  in  south  Norway,  west  of  the  Christiania  fjord, 
indicates  on  almost  radiate  movement  directed  towards  the  sea ;  east  of  the 
fjord  the  approximately  radiate  arrangement  of  the  flow-lines  is  repeated, 
but  with  another  centre  of  dispersion '.  At  the  same  time  a  certain  corre- 
spondence between  the  direction  of  flow  and  the  existing  form  of  the 
surface  is  on  the  whole  unmistakable  in  this  region.     More  to  the  north 

keatrSm  ndefter  Maalselv,  Bardo  og  Salaagsdal ;  Tromsfl  Hub.  Aanh.,  1885,  Till,  pp.  1-4 
and  23-88. 

'  T.  Ejenilf,  Om  Skuringsmsrker,  Glacialformationen,  Temwer  og  Strandlinier ; 
Uniyen.  Progr.  f.  and.  HalTaar  1872,  4to,  Christiania,  1873,  and  in  other  pablicationi. 
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the  case  is  very  different.  There  the  ice  moved  for  great  Hi^^w^^pif  in 
a  direction  opposed  to  the  existing  slope  of  the  vaUeys.  The  faet  is  so 
remarkable  that  earlier  observers  thought  a  subseqaent  and  unequal 
elevation  of  Scandinavia  was  required  to  explain  it. 

That  the  direction  of  the  striae  indicates  a  consistent  system^  which, 
however,  included  a  movement  frcnti  bdow  upwards  extending  tot  a  great 
distance  towards  the  existing  watershed,  was  already  known  to  Durocher, 
although  he  attributed  the  whole  phenomenon  to  floating  ice  ^ ;  the  facts 
were  admirably  stated  by  Horbye  in  1887 '•  Even  at  that  time  it  was 
recognized  that  from  about  lat  62''  N.  onwards,  the  abraded  rocks  on  Uie 
southern  slopes  of  the  Dovrefjeld  stood  with  their  stoss'  sides  facing 
towards  the  south,  and  the  movement  must  consequently  have  been  directed 
to  the  north ;  beyond  the  Stor  Sjon,  from  lat  62"*  to  68''  8(/  N.,  the  same 
opposition  between  the  direction  of  the  existing  water  channels  and  the 
ancient  striae  was  observed  by  Durocher ;  Suhrland  showed  that  betweeu 
lat.  66''  and  66""  N.  the  striae  extend  across  the  watershed  towarda  the  west 
and  north-west  into  the  Vefsendal,  which  reaches  the  sea  near  the  Seven 
Sisters  (lat.  66^  N.) ;  he  also  observed  striation  running  in  a  westerly  and 
north-westerly  direction  across  the  group  of  lakes  of  the  Yalta  Janre, 
which  marks  the  watershed  between  Uie  region  of  the  Lule&-Trask  and  the 
Tys  fjord  in  Ut  68'  N. 

At  that  time,  when  doubt  was  still  felt  as  to  whether  the  striation  was 
really  due  to  ice,  it  was  already  clear  that  the  effective  agent,  whatever  its 
nature,  had  moved  from  bdow  upwards  over  a  great  distance.  To-day 
these  observations  compel  us  to  the  conclusion  that  the  summit  of  the 
great  ice  cap  lay  east  of  the  existing  watershed  and  at  some  height 
above  it. 

It  is  to  this  fact,  as  Hansen  has  shown,  that  the  formation  of  terraces 
and  strand-lines  on  the  slopes  must  be  ascribed  ^  On  the  south  side  of 
the  Dovrefjeld,  especially  near  the  head-waters  of  the  Qlommen,  we  meet 
with  great  horizontal  terraces  of  alluvial  land ;  they  lie  from  657  to  1,090 
meters  above  the  sea,  and  are  sometimes  associated  with  a  cutting  back  of 
the  solid  rock.     This  chamfering  does  not  produce  true  grooves,  but 

^  J.  Durocher,  Etudes  sur  les  phenom^nes  erratiqnes  de  la  Scandinavie ;  BulL  Soc 
g^ol.  de  Fr.,  1846-1847, 2«  s^r.,  IV,  pp.  29-89  et  passim. 

'  J.  C.  HOrbye,  Forssette  lagtaggelser  over  de  erratiske  PhsBnomener,  Nyt  Mag. 
Naturvid.,  X,  25  pp.,  map ;  and  in  particular  by  the  same,  Observations  sur  les  ph^nomenes 
d'^rosion  en  Norv^ge,  public  par  B.  M.  Eeilhau,  Progr.  de  TUniv.  de  Christiania  poor 
le  1^  s^m.  1857,  4to,  56  pp.,  maps,  in  particular  pp.  23, 24. 

'  As  we  have  no  equivalent  in  English  to  indicate  the  face  of  a  rock  which  is  opposed 
to  the  flow  of  the  ice  I  propose  to  adopt  this  term  from  the  German ;  it  has  become 
almost  as  necessary  as  its  correlative  '  roches  moutonn^es.*— Note  by  Editor. 

*  A.  M.  Hansen,  Om  seter  eller  strandlinjer  i  store  hOider  over  Havet ;  Arch.  Math. 
Naturvid.,  1885,  X,  pp.  329-352,  map. 
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horizontal  shelves  not  unlike  narrow  steps :  they  are  called  sder  or  saiar, 
that  is  benches  or  seats,  and  since  I  know  of  no  other  characteristic 
expression  for  these  features,  I  will  adopt  this  term. 

At  heights  such  as  those  at  which  the  terraces  occur,  the  remains  of 
marine  organisms  have  never  yet  been  encountered.  The  high  valleys 
with  their  steps  now  lie  freely  open  to  all  the  country  below,  but  their 
seter  and  terraces  are  horizontal.  There  must,  therefore,  at  one  time  have 
been  a  temporary  barrier  closing  them  in. 

The  area  characterized  by  striation  directed  towards  the  north,  that  is 
up  the  valleys,  and  by  the  corresponding  transport  of  travelled  blocks, 
is  bounded  on  the  south  by  a  line  which  in  the  region  of  the  Gudbrans- 
dalen  and  Oesterdalen  lies  far  to  the  south  and  south-east  of  the  existing 
watershed.  When  the  retreat  of  the  ice  began,  the  uppermost  parts  of  the 
valleys,  lying  nearest  the  watershed,  must  have  been  the  first  to  be  exposed ; 
since  the  summit  line  of  the  icensheet  did  not  coincide  with  the  watershed. 
Lower  dovm  they  were  still  closed  by  the  ice ;  thus  high-level  lakes  were 
formed,  and  in  them  the  high-level  terraces  and  seter.  The  diurnal  changes 
of  temperature  at  the  level  of  the  water  led  to  the  formation  of  the 
seter. 

The  phenomena  of  the  Dovrefjeld  are  repeated  in  Jemtland.  T5mebohm 
has  confirmed  Durocher's  observations  as  to  the  direction  of  the  striae; 
Hdgbom  has  traced  the  direction  with  even  greater  precision.  The  move- 
ment of  the  inland  ice  from  Angermanland  through  north  Jemtland  was 
towards  the  south,  in  south  Jemtland  towards  the  north.  Thus  two 
opposing  streams  encountered  each  other  somewhere  between  the  eastern 
part  of  the  existing  Stor  Sjon  and  the  neighbourhood  of  Strom,  and  they 
were  diverted  to  the  west  and  south-east.  The  direction  of  the  striation 
and  the  evidence  of  the  travelled  blocks  combine  to  show  that  one  especially 
great  movement  proceeded  towards  the  west,  that  is,  obliquely  across  the 
direction  of  the  existing  Eall  Sjon  into  Norway.  Although,  as  is  shown  by 
the  transported  blocks,  many  of  the  most  considerable  heights  were  covered 
by  the  ice,  yet  the  steep  slopes,  which  bound  the  west  side  of  the  Stor  Sjon, 
have  affected  the  lower  part  of  its  flow,  and  produced  a  somewhat  sharp 
deflexion  of  the  southern  ice-stream,  turning  it  from  the  north-north-west 
towards  the  west :  the  chief  movement  has  thus  passed  as  it  were  through 
a  broad  portal  along  the  lower  lying  regions  near  Areskutan  and  across 
the  existing  watershed  ^. 

Here  also,  according  to  Hogbom,  horizontal  lines  occur  on  the  west  side 
of  the  Stor  Sjon :  traces  of  terraces  appear  to  surround  Areskutan :  these 
may  be  clearly  seen  on  the  E^all  Sjon.  Here  also  as  the  ice  retreated  the 
watershed  must  have  been  exposed,  when  the  valleys  below  were  stiU 

*  A.  G.  HOgbom,  Glaciala  och  petrografiska  laktaggelser  i  Jemtlands  Lftn ;  Sver.  geoL 
UndenOkn.  Afh.,  ser.  C,  4to,  1885,  38  pp.,  maps. 
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closed  by  ice,  and  Hansen  consequently  accounts  for  these  shelves 
same  way  as  those  of  the  Dovrefjeld. 

A  good  deal  further  to  the  north  Svenonius  has  likewise  found  a  i 
situated  at  a  height  of  about  2^70  feet  above  the  sea  at  the  north-v 
end  of  the  Sitas  Jaur  in  Lule»  Lappmarken:  it  looks  down  t 
a  completely  open  country,  and  Fredholm  found  two  horizontal  t 
lines  at  a  height  of  about  1,700  and  1,800  feet  above  the  sea 
PuoUamt-J&kko  near  the  Stor  Sjofall.  Svenonius  adopts  the  sk 
planation  for  these  ^ 

It  is  scarcely  necessary  to  add  that  the  facts  observed  at  the  up; 
of  lake  Tome&  completely  accord  with  these  observations:  there  ; 
found  that  the  ice,  ascending  towards  the.  Atlantic  Ocean,  crost 
threshold  of  Stagenuni  as  it  passed  from  the  depths  of  the  lake ; 
sand  ridges,  obscurely  alined  over  the  barrier  which  closes  the  lak 
be  regarded  as  representing  the  terraces  of  the  Sitas  Jaure. 

These  high-level  terraces  and  strand-lines  on  the  side  of  the  mc 
turned  away  from  the  Atlantic  are  thus  in  no  way  dependent 
height  of  the  sea-level  at  the  time  of  their  formation :  neither  e 
nor  depression  of  the  land  can  be  inferred  from  them.  The  origii 
terraces  is  to  be  found  in  the  retreat  of  the  ice  which  exposed  the  coL 
side  or  the  other  of  the  valleys  in  descending  order:  over  these  t! 
probably  emptied  themselves  into  the  adjacent  valleys.  The 
parallel  roads  of  Lochaber  in  Scotland  similarly  owe  their  origi] 
closure  of  the  valley  by  ice,  as  was  long  ago  maintained  by  Agass 
correspond  in  height  to  the  several  cols  of  the  surrounding  hills. 

Thus  we  cannot  reasonably  expect  to  find  this  group  of  line 
same  height  in  different  valleys. 

4.  Origin  of  the  glint  lakes  of  Lapland,  The  movement  of  tl 
ice  contrary  to  the  fall  of  the  valleys  characterizes,  as  we  have 
that  part  of  the  Norwegian  glint  just  considered,  and  in  partic 
whole  region  of  the  glint  lakes  of  Lapland.  Conditions  which  a 
or  scarcely  ever  met  with  in  the  Alps  governed  in  this  case  the  n 
of  the  ice.  The  existing  glacier  tongues  of  the  Alps  move  down  th 
and  they  terminate  almost  without  exception  in  free  extremities. 
narrows  occur  at  the  end  of  a  glacier  they  generally  take  the 
gorges  excavated  by  the  glacier  river,  like  the  ravine  of  the  MoL 
of  the  termination  of  the  Pasterze,  and  probably  also  the  gorj 
Massa  at  the  foot  of  the  great  Aletsch  glacier.  At  present  th 
contain  no  ice  at  all,  as  is  the  case  with  the  Pasterze,  or  they 
no  important  influence  on  the  movements  of  the  glacier, 
narrows    and    obstacles    which    do    sometimes  occur  within   tl 

*  Svenonius,  GeoL  FOren.  Stockh.  FOrh.,  Sitzung  vom  10.  April  1885,  VII, 
note  in  1886,  VIII,  pp.  56,  57. 
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of  the  Alpine  glaciers  can  scarcely  be  compared  with  the  portals  of  the 
glint. 

For  this  reason  it  is  scarcely  worth  while  to  apply  conclusions  drawn 
from  the  action  of  the  free  ice-streams  of  the  Alps  to  those  of  the  inland 
ice  of  Norway*  The  better  plan,  it  seems  to  me,  is  to  start  from  the 
general  principle  that  ice  moves  like  a  viscous  fluid,  and  to  consider  how 
fluid  bodies  behave  when  subject  to  deflexion  or  when  they  meet  with  some 
check  in  their  progress.  We  know  that  glaciers  move  faster  in  the  middle 
than  at  the  sides,  faster  on  the  convex  than  on  the  concave  side  of  a  bend, 
and  the  rate  of  flow  of  the  whole  mass  is  accelerated  by  a  narrowing  of 
the  transverse  section  of  the  flow.  Every  river  obeys  the  same  laws ;  it 
attempts  to  maintain  a  constant  transverse  section,  and  at  the  same  time  to 
establish  a  regular  longitudinal  profile,  that  is,  a  uniform  fall  which  is  on 
the  whole  that  of  a  flat  parabola.  It  is  only  exceptionally  and  over  closely 
circumscribed  areas  that  a  river  works  down  below  the  normal  line  of  its 
fally  and  produces  a  hollow  or  pit  which  is  known  as  a  pot-hole  or  colk. 

Colks  may  be  distinguished  into  awirl  colks  (Wirbelkolke)  and  scope 
c6Uc8  (Staukolke)  \ 

Swirl  colks  are  formed  when  the  encounter  of  two  currents  sets  the 
water  rotating  with  a  screw-like  movement  which  bores  downwards.  As 
a  rule  they  owe  their  existence  to  temporary  causes,  and  fill  up  as  soon  as 
these  cease  to  act :  sounding  in  a  whirlpool  is  difficult  to  carry  out  and 
uncertain  in  its  results,  so  that  I  am  not  in  a  position  to  illustrate  the 
formation  of  swirl  colks  in  rivers  by  numerical  estimates  of  any  value. 
Colks  of  this  kind  are  doubtless  seldom  produced  by  the  glaciers  of  the  Alps, 
or  only  on  a  smaU  scale ;  on  the  other  hand,  they  appear  to  be  frequently 
formed  by  the  great  flows  which  proceed  from  the  ice-mass  of  QreenlancL 
The  'grydedale '  which  Eomerup  has  described  in  the  Sermilik  fjord  and 
its  tributary  Alangordlia  (lat.  GS"  SO'  to  GS"  40'  N.)  are  great  polished 
caldrons  hollowed  out  in  the  solid  rock,  and  though  this  observer  does  not 
regard  them  as  '  giants'  kettles '  ground  out  by  the  ice,  this  is  simply  on 
account  of  their  extraordinary  size.  They  occur  on  the  lee  side  of  the 
mountains,  which  were  once  completely  buried  up  by  the  ice-sheet,  and 
appear  to  have  always  been  open  towards  the  fjord  or  valley  through 
which  a  great  ice-stream  moved.  Their  form  is  that  of  a  rotation  para- 
boloid with  a  vertical  axis^.  These  characters  are  such  as  would  be 
produced  by  the  rotatory  boring  out  of  a  pot-hole.   Grydedale  are  swirl  colics. 

^  '  8tow '  in  the  Anglo-Saxon  sense  of '  to  hinder*  might  have  been  used  as  an  imper- 
fect equivalent  of  the  German  '  Stau,*  but  since  the  immediate  cause  of  the  formation  of 
the  pit  is  the  escape  of  the  accumulated  water, '  scape,*  the  aphetic  form  of '  escape,* 
teemed  preferable ;  '  colk '  is  a  genuine  English  word,  originallj  meaning  a  '  hole.'—Note 
by  Editor. 

*  A.  Eomerup,  Geologiske  lagtaggelser  fra  Vestkjsten  af  GrOnland  (62"*  15'-64*  15'  n. 
Br.) ;  Meddelelser  om  GrOnland,  1879, 1,  p.  106  et  seq. 
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Scape  colks  are  produced  by  a  constriction  of  the  water  channc 
eflforts  which  have  been  made  in  the  coarse  of  the  hist  few  years  to  i 
the  conrse  of  some  parts  of  the  Danube  and  the  Rhone  have  lee 
necessity  of  shutting  off  branches  of  one  or  other  of  these  rivers, 
the  main  stream  itself,  in  order  to  force  its  waters  into  a  new  < 
The  construction  of  works  for  this  purpose  is  beset  with  difficult 
proportion  as  the  transverse  section  of  the  stream  is  made  nan 
deepens  its  channel,  and  if  the  bottom  cannot  be  rendered  secure,  e 
sinking  great  blocks  of  stone,  or  in  some  other  way  so  as  to  provid< 
overfall  weir,  the  colk  increases  in  size :  and  then  it  often  happ 
human  endeavour  is  unable  to  cope  with  the  stream.    Above  the  < 
water  rises ;  through  the  opening  not  yet  completely  closed  it  rusl 
irresistible  velocity,  and  strives  continually  to  deepen  the  chan 
movement  is  directed  from  the  dammed  up  waters  downwards,  lil 
over  a  weir ;  and  it  hollows  out  of  its  bed  an  elongated  basin,  of  w 
deepest  part  occurs  below  the  dam.    This  basin  is  the  scape  colk. 
the  dam  is  completely  closed  then  the  deepest  part  of  the  colk  lie 
the  dam  in  the  now  amputated  part  of  the  river.    When  the 
succeeds  in  breaking  through  the  consolidated  bottom  we  may  see  v 
out  heavy  blocks  of  stone,  carrying  them  into  the  depths  of  t 
driving  them  upwards  over  its  further  slope  to  deposit  them  below 
over  the  shoals  in  a  wide  semicircular  mound,  and  sometimes  at  i 
level  than  the  bottom  from  which  they  were  torn. 

The  engineers,  Messrs.  Fanner  and  Taussig,  were  so  kind  as  tc 
me  with  some  instances  of  colk  formation  in  the  Danube,  and 
formed  me  that  in  every  case  their  labours  had  been  carried  on 
ruptedly  and  with  the  closest  watchfulness,  so  that  the  stream  w 
allowed  time  to  complete  its  colk.    I  now  give  some  of  these  exam 

When  the  ancient  bed  of  the  Danube  was  closed  at  Weidc 
below  Vienna  it  was  necessary  to  work  without  securing  the  bol 
soon  as  the  opening  had  been  diminished  to  45  meters,  the  waten 
a  rise  of  0*95  meter,  and  under  this  additional  head  the  stream  had 
produced  a  colk  18  meters  deep,  the  normal  depth  of  the  riv 
8  meters ;  in  other  words,  it  had  sunk  a  hole  15  meters  deep. 

At  Fischamend  a  training  wall,  through  which  a  branch  of  the 
had  flowed  without  hindrance  by  an  aperture  of  162  meters,  was  < 
1869.  The  depth  of  the  colk  increased  in  consequence  from  3  n 
14  meters,  and  reached  the  Tertiary  clay  beneath  the  alluvial  sedic 

The  dyke  of  Elend  is  on  the  right  bank  of  the  regulated  pai 
Danube,  and  cuts  off  obliquely  an  ancient  branch  which  proceeds  fi 
the  right.  When  after  much  difficulty  the  dyke  had  been  closed, 
ference  in  the  water  level  on  the  two  sides  of  the  dam  amounte< 
meters;  the  colk  below  it  was  11*3  meters  deep,  the  normal  dept 
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river  being  2-5  meters :  a  number  of  great  blocks  of  stone,  which  had  been 
sunk  tor  the  porpose  of  closing  the  dyke,  lay  60  to  80  meters  below  it,  that 
ia  beyond  the  colk,  arrajiged  in  semicircles  in  the  shallower  parts  of  the 
river. 

The  case  of  the  Neu-Haufen  dyke  below  Vienna  (Fig.  35)  affords 
another  example. 

Of  the  works  constructed  to 
eloee  the  Alt-Rhein  near  Mannheim 
an  interesting  account  has  been 
given  by  HonselL  About  a  third 
part  of  the  total  volume  of  the 
waterflowedaway  by  the  Alt-Rhein, 
which  it  was  necessary  to  close. 
After  all  preparati(»8  had  been 
made  the  work  began  on  March  1, 
1866,  with  the  securing  of  the 
bottom.  On  April  18  the  dyke, 
after  much  labour,was  finished,  and 
the  difiereoce  in  the  level  of  the 
water  above  and  below  it  amounted 
to  48  inches.  Two  days  after  ite 
completion  a  subsidence  of  the 
crown  of  the  dam  was  observed ; 
the  woVk  had  been  undermined, 
and  in  a  few  hours  the  river  had 
made  an  opening  50  feet  broad  and 
16  feet  deep,  through  which  it 
poured  with  a  roar  like  thunder. 
When,  after  fresh  efforts,  this 
breach  was  dosed  it  waa  found 
that  a  colk  had  been  scoured  out 
to  a  maximum  depth,  so  far  as  it 
could  be  ascertained  after  the  out- 
burst, of  at  least  60  feet. 

During  the  regulation  of  the  Bhine  in  the  grand  duchy  of  Baden  colks 
were  also  observed,  some  of  which  had  a  depth  of  30  meters  ^ 

It  is  true  that  all  the  colks  we  have  enumerated  were  excavated  in 
loose  alluvial  soil  or  clay;  nevertheless  they  show  that  running  water,  when 
its  transverse  section  is  compressed,  has  great  power  to  scoop  out  and 

■  U.  Honwll,  Die  Conection  der  Handang  dei  Neckan  in  dea  Rhein,  AUg.  Bauseitang. 
1S71,  ZXXVI,  pp.  883-422,  maps,  in  partictilar  p.  401,  pi.  67,  figi.  i  and  iv ;  hj  the  suue. 
Die  Correction  dea  Ober-Khein,  Beitr&ge  zai  Hjdrogiaphie  dei  Gronh.  Baden,  ito, 
~    '      '  I,  1885,  8.  Haft,  p.  46. 


Fu.  86.  Ootun  nfOtt  Kt^Btaifni  dukt,  SehaUau. 
ReguUtion  of  the  Duabe  below  Vienna,  1S82- 
18SS.    After  a  sketch  b7  Herr  Baorath  Tftuuig. 

a,  a,  a  Honeahoe-like  mound  of  large  bloolu 
of  atone,  torn  from  the  foundation  of  the  dam 
and  «wept  along  out  of  the  oolk.  The  mound  is 
lowest  in  the  middle  owing  to  the  actiTitr  of 
thaonrrent 
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deepen  its  bed,  and  there  can  be  little  doobt  that  given  snffident 
effect  produced  in  a  few  weelu  or  days  in  loose  ground  would  aln 
daced  in  the  solid  rock.  All  the  facts  indicate  that  the  inlaa 
Greenland  possesses  a  similar  power. 

Jensen  and  Komerap  have  given  ns  a  detailed  deacripUon  of  t 
peaks,  known  as  Jensen's  nnnataka  and  Dalager's  nonataks,  wl 
ont  of  the  ice  above  the  iablink  of  Frederikshaab  *.  The  formei 
Bonunits  of  a  mountain  ridge,  which  is  opposed  tike  a  dam  to  the  n: 
of  the  ice  as  it  proceeds  to  the  south-west  Immediately  below  Uu 
the  level  of  tJie  ice  is  4^280  feet,  and  at  some  little  distance  abc 
S,000  feet  The  ice  thus  swells  ap  behind  the  dam  to  the  extent  o 
hondred  feet.    A  small  part  of  the  ice  flows  between  the  nonatata 

altered  character  of  its  sarfao 

an  increased  velocity.  The  gre 
moves  around  the  nunataks  t 
west  and  south-east.  On  the  so 
side,  that  is  on  the  lee  side  of  t 
we  see  moraines  disposed  in  gi 
centic  arcs,  standing  in  the  mic 
inland  ice.  Ilie  ares  are  convi 
wards  or  in  the  same  directic 
movement  of  the  upper  ice-str 
they  serve  to  define  its  maigi: 
consist  of  blocks  of  olivine  dial 
as  is  not  known  anywhere  in  tl 
bourhood,  and  are  no  doubt 
from  the  ground  moraine.  At 
where  the  ice  must  possess  an  enormous  thickness,  tfie  effect  of  the  i 
great  that  the  grovmd  vwraine  is  carried  up  from  the  bottom  to  th 
and  Kpread  oui  vn  an  arc,  like  the  blocks  of  stone  below  the  dyk 
Danube.  But  where,  so  to  speak,  the  dead  point  of  the  movemei 
on  the  lee  side  behind  the  central  nunatak,  there  lies  a  circular 
feet  in  diameter,  4000  feet  above  the  sea,  but  600  to  800  feet  lo' 
the  surface  of  the  ice ;  and  this  Eomerup  compares  to  a  '  grydeda 
to  a  awirl  colk. 

The  ice  is  dammed  bock  in  a  similar  msjmer  at  DaJager's  n 
here  it  forces  its  way  between  these  rocky  masses ;  in  front  of  eac 
ice-streams  the  ground  moraine  is  extruded  in  great  hoi^eshc 
curves,  running  from  one  nunatak  to  the  other  (Fig.  36). 

The  acceleration  of  the  current  in  the  portals  between  the  nuns 
carrying  up  of  the  ground  moraine  from  a  great  depth,  and  the  f< 

t  J.  A.  D.  Jenien,  Expeditionen  til  Syd-Grflnland  i  1878 ;  MeddeleUer  om 
1879, 1,  pp.  17-76;  Koinenip,  torn,  cit,  pp.  115,  128  et  paanm. 
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of  a  whirl  on  the  opposite  side  of  the  ridge  agree  so  completely  with  what 
we  have  observed  in  the  case  of  running  water,  that  we  may  safely  affirm 
we  have  here  before  us  similar  effects  produced  by  similar  causes.  Running 
water  would  produce  a  whirlpool  and  a  swirl  colk  on  the  lee  side,  and  we 
may  even  assume  that  at  the  bottom  of  the  ice  below  the  lake  the  requisite 
conditions  exist  for  the  formation  of  a  grydedaL  The  upward  movement 
of  the  ground  moraine  corresponds  with  the  carrying  up  of  blocks  of  stone 
from  the  secured  bottom  of  a  dam  pass  to  the  lower  end  of  a  scape  colk, 
and  thus  we  may  fairly  assume  that  scape  colks  are  produced  by  the  ice  at 
corresponding  points  in  its  bed. 

Helland,  as  a  result  of  his  observations  in  Greenland,  has  emphatically 
maintained  the  glacial  origin  of  the  lakes  and  fjords  of  Scandinavia ;  but 
he  has  based  his  explanations  of  these  local  excavations,  not  on  the  con- 
striction of  the  transverse  section  of  flow,  indicated  by  the  mountains 
themselves,  but  rather  on  the  increased  velocity  due  to  the  entrance  of  a 
secondary  glacier  into  a  main  valley.  This  factor  may  be  of  great  im- 
portance elsewhere,  but  in  the  lakes  of  Lapland  it  never,  or  at  least,  so 
far  as  I  am  acquainted  with  them,  only  very  exceptionally,  exercises  any 
influence  \ 

Let  us  return  to  the  glint  of  Lapland.  We  have  seen  that  it  forms 
a  high  wall,  the  basset  edges  of  the  Palaeozoic  table-land.  It  is  interrupted 
by  a  number  of  portals,  in  which  lie  the  elongated  glint  lakes  of  Lapland, 
at  right  angles  to  the  rampart,  so  that  its  trace  cuts  through  the  largest  of 
them.  Through  these  passages  the  ice  entered  Norway.  Many  of  their 
pylons  were,  for  some  time  at  least,  submerged  beneath  the  ice,  as  is  proved 
by  the  red  granite  on  the  smnmit  of  the  Store  Jerta..  But  just  as  at 
Serimlik  the  striations  at  the  bottom  follow  the  direction  of  the  fjord,  while 
on  the  summits  of  the  surrounding  mountains  they  diverge  like  a  fan  ^  so 
at  the  time  when  the  ice  was  at  its  thickest  the  portals  below  determined 
the  direction  of  its  deepest  flow.  Before  the  glacial  period  valleys  existed, 
which  extended  from  Norway  through  the  portals  towards  the  gulf  of 
Bothnia.  Hogskar  Elv,  Anavandeue,  Gievne  Jaure,  fragments  of  the 
original  valley  system,  have  preserved  their  ancient  fall  up  to  the  present 
day.  In  all  these  valleys  the  ice  forced  its  way  upwards.  Each  of  the 
portals  determined  a  mighty  constriction  of  the  flow,  and  at  many  of  them 
the  conditions  were  realized  for  the  formation  of  a  colk.  Below  the  dam, 
where  the  colk  should  be,  lies  a  lake.  The  ice  has  driven  back  the  glint 
and  destroyed  parts  of  it,  but  so  great  was  the  resistance  it  offered  that  the 
ancient  valleys  were  worn  down  and  ground  out  into  long  deep  lake  basins. 
It  was  not  the  threshold  of  Stagenuni,  at  the  upper  end  of  lake  Tome&, 

^  A.  Helland,  Om  Dannelsen  af  Fjordene,  Fjorddalen,  IndsOerne  og  Havbankeme ; 
Offers.  K.  yet.-Akad.  FOrh.  Stockholm,  1875,  No.  4,  p.  25. 
'  Eomemp,  torn,  cit,  p.  109. 
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which  determined  the  formation  of  the  lake,  bat  the  glint  which 
straight  acroeB  its  middle.  How  otherwise  shall  we  explain  the  dii 
ance  of  the  block  of  flat-bedded  rock  which  corresponded  with  the 
of  the  lake?  How  many  parallel  trough-faults  should  we  have  to 
to  explain  the  form  of  tiiese  lakes  ?  And  why  should  the  glint 
right  across  them?  The  portals  of  inferior  size  and  simpler  st 
such  as  those  of  Tjoalma  Vagge,  show  clearly  enough  that  we  hav 
us  a  phenomenon  of  pure  erosion. 

The  glint  lakes  of  Lapland  are  scape  colka. 

5.  AncierU  drandrlinee  of  the  fjords.    In  the  Norwegian  f joi 
terraces  and  true  seter  occur.    Their  horizontality  is  extremely 
Sometimes  these  lines  are  so  sharply  drawn  and  accompanied 
very  regular  terraces  that  their  geometrical  severity  obtrudes  i 
the  eye  and  disturbs  our  enjoyment  of  the   manifold  variety 
landscape. 

The  accounts  in  our  textbooks  generally  give  a  very  schemat 
sentation  of  these  features,  and  explain  them  as  the  result  of  an  osci) 
the  ground,  scarcely  comprehensible  in  the  face  of  such  extreme  re 

The  much  debated  oscillations  of  the  Baltic  at  the  present  ( 
readily  come  to  be  regarded  as  the  continuation  of  the  ancient  osi 
of  Norway.  This  theory  receives  its  death-blow  by  the  very  £ 
paid  to  one  of  the  northern  fjords ;  near  Bodo,  at  Tromso,  and  ma 
localities  close  to  the  sea,  we  may  observe  a  selvage  of  light  yellow 
sands,  at  a  height  of  30,  or  at  most  40,  feet  above  the  strand ;  thoi 
marine  shells  of  existing  species  occur  in  it.  This  differs  complel 
in  colour  and  character  from  the  sediment  of  the  terraces,  as  well  i 
presence  of  included  shells ;  and  there  can  be  no  doubt  it  is  of  mo 
age.  It  is  the  *  post-glacial '  sand  of  Scandinavian  geologists,  ai 
that  in  these  fjords  the  conditions  which  now  obtain  are  not  tho 
existed  during  the  formation  of  the  terraces. 

In  those  northern  fjords  which  I  had  an  opportunity  of  visiti: 
groups  of  recent  deposits  occur. 

The  first  consists  of  shell-bearing  beds,  which  reach  a  height 
to  170  feet,  and  are  regarded  by  some,  Pettersen  for  instance,  as 
interglacial.     I  have  not  had  an  opportunity  of  examining  them  m 

TTie  second  group  includes  the  sediments  of  the  terraces ;  only 
their  base,  as  in  the  valley  of  the  Maals  Elv,  are  beds  of  blue  clay 
all  the  rest  is  sand  and  gravel  and  small  pebbles,  in  the  midst  of  whic 
of  larger  size  may  be  seen  here  and  there.  No  shells  are  to  be 
least  not  in  the  upper  terraces ;  the  colour  is  grey  or  brownish  j 
the  bedding,  as  far  as  it  can  be  recognized,  is  oblique,  suggesting  n 
action  of  a  rapid  river  than  the  sea.  We  have  already  mentioned 
sence  of  small  pieces  of  wood  and  fragments  of  Swedish  granite  i 
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the  terraces  of  the  Bals  fjord  (II,  p.  838).  These  are  precisely  the  characters 
usually  presented  by  alluvial  land  in  the  valleys  of  mountain  ranges.  The 
glacial  or  fluvio-glacial  origin  of  these  accumulations  is  indicated  by  a 
number  of  facts  to  which  we  shall  refer  later. 

The  third  and  most  recent  group  includes  the  post-glacial  shelly  sands 
of  the  coast  already  mentioned. 

On  the  Christiania  fjord,  Ejerulf  distinguishes  older  shell  beds  which 
extend  up  to  200  feet  It  would  thus  seem  as  though  the  sea-level  reached 
here  a  greater  height  than  in  the  north.  The  occurrence  of  arctic  shells  up 
to  540  feet  would  indicate  a  sea-level  of  +  600  feet,  which  would  correspond 
to  the  highest  terraces  of  the  Christiania  fjord  \  Sweden  does  not  enter 
into  consideration  here :  a  continuous  ice-sheet  once  extended  over  the  whole 
of  Sweden  together  with  the  gulf  of  Bothnia  and  Finland,  and  flowed  not 
only  towards  the  Norwegian  valleys  but  far  over  Denmark,  a  large  part  of 
Germany,  and  Russia.  This  was  first  maintained  by  Otto  Torell,  and  has 
been  confirmed  by  numerous  later  observations  ^ 

In  the  first  place  it  must  not  be  forgotten  that  both  in  the  interior  of 
Norway  and  high  up  in  the  mountains,  terraces  and  seter  have  been  met  with 
which  present  precisely  the  same  characters  as  the  terraces  of  the  fjords ; 
and  they  were  formed  as  we  have  shown  during  the  retreat  of  the  ice.  We 
must  further  bear  in  mind  that  the  terraces  of  the  fjords  and  the  accom- 
panying steps  in  the  rock  are  older  than  the  post-glacial  marine  sands. 

The  horizontality  of  the  seter  has  been  contested.  Bravais,  who  spent 
the  winter  of  1838-9  at  Bossekop  at  the  upper  end  of  the  Alten  fjord, 
thought  he  recognized  two  particularly  well-marked  lines  extending  from 
this  place  to  Hammerfest,  and  the  measurements  which  he  made  of  the 
lines  at  six  points  gave  the  following  results  in  meters : — 

I  II         III        IV  V  VI 

Upper  line  ...    .      67-4      565      51-8      496      42-65      28-6 
Lower  line  ....      27-7      24-5      205       18-3      1660      14.1 


Difierence  of  level    .      39*7      32*0      31-3      31*3      2605       14*5 

From  this  Bravais  concluded  that  the  upper  line  had  originally  been 
horizontal,  and  had  then  been  tilted  to  the  extent  given  above  in  the 
difference  of  the  level;  hereupon  the  second  line  had  been  formed,  also 
horizontal;  and  then  both  had  been  brought  into  the  slanting  position 
which  now  characterizes  them  \ 

^  T.  I^'enilf,  Die  Geologie  des  flfldlichen  und  mittleren  Norwegen,  Oerman  txanslation 
by  A.  Gurlt,  Bonn,  1880,  pp.  2-23. 

'  Otto  Torell,  UndenOkningar  Ofver  Istiden ;  Ofven.  K.  Yet.-Akad.  Fdrh.  Stockholm, 
1872,  XXIX,  10,  pp.  25-66,  and  1873,  XXX,  1,  pp.  47-64. 

'  Rapport  Bur  an  M^moire  de  M.  A.  Bravais,  relatif  aox  lignes  d'ancien  nivean  de  la 
mer  dans  le  Finmark,  Compt.  rend.,  1842,  XV,  p.  838  ;  also  C.  Martins,  Da  Spitzberg  aa 
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These  observations  were  r^arded  in  France,  Germany,  and  Eng 
a  confirmation  of  the  elevation  theory ;  but  among  Scandinavian  ge 
they  did  not  find  equal  recognition.  The  distance  from  Eaa  Qoid 
most  southerly  part  of  the  Alten  fjord  (point  I)  to  Hammerfest  (p( 
amounts  to  90  kilometers ;  Talvig  (point  II)  lies  on  the  western  sid 
Alten  fjord,  Leris  fjord  (point  III)  about  85  kilometers  to  the  nortl 
east,  on  the  eastern  side  of  Vargsund,  the  continuation  of  the  Alb 
But  since  numerous  horizons  are  indicated  in  this  region,  either  by 
or  seter,  and  since  in  the  Eaa  fjord  (point  I)  alone  Sexe  recognized  i 
as  nine  horizons  between  a  height  of  200  feet  and  the  sea-level, 
absolutely  no  proof  that  the  lines  measured  by  Bravais  belong  in  r 
the  same  two  horizons  \ 

It  will  not  now  surprise  us  to  find  that  Mohn,  as  the  result  of  n 
measurements  made  in  the  same  fjord,  was  able  to  distinguish  fiv 
of  horizontal  lines  instead  of  the  two  divergent  and  not  horizontal 
Bravais ;  these  groups  occur  at  heights  of  186,  152,  128-5,  89*5,  i 
feet,  or  58>8, 47-7,  40-8,  28,  and  28  meters  '. 

A  still  more  exhaustive  account  has  been  given  by  Herr  Peti 
the  result  of  observations,  extending  over  many  years,  made  in  the 
fjords  of  the  Tromso  stift.  He  arrived  at  the  conclusion  that  tov 
upper  end  of  the  Qords,  or  as  we  recede  from  the  sea,  fragments 
occur  at  an  increasing  height :  there  has  not,  however,  been  an  asce 
and  the  same  system  of  seter  from  the  sea  towards  the  interior,  but 
occur  in  completely  independent  horizontal  fragments,  arranged  lU 
of  steps  at  heights  continually  increasing  from  the  coast  inland.  II 
though  the  conditions  necessary  for  the  formation  of  these  lines  wen 
realized  at  an  earlier  date  in  the  inner  channels  of  the  sound  than  on  t 

The  restriction  of  the  highest  lines  to  the  upper  end  of  the 

Sahara,  Paris,  1866,  pp.  127-136.  In  his  report  on  Bravais'  observations  E.  de 
(torn,  cit.,  p.  840)  opposes  the  hypothesis  of  a  temporary  closure  by  ice,  1 
addition  to  a  number  of  other  difficulties,  the  surfiEkce  of  a  glacier  is  not  const 
to  hold  up  water  at  a  fixed  level.  On  the  contrary,  he  is  led  by  Bravais'  obse 
suppose  that  a  fracture  or  flexure  of  the  crust  occurs  near  Rastabynaes,  wh< 
a  marked  change  in  the  inclination  of  the  lines  to  one  another.  In  the  s 
Biot  points  out  the  possibility  of  changes  in  the  local  value  of  gravity  (p.  846| 

^  S.  A.  Sexe,  Om  nogle  gamle  Strandlinier ;  Arch.  Math.  Naturvid.,  187 
map. 

*  H.  Mohn,  Bidrag  til  Eundskaben    om  gamle  Strandlinier  i  Norge; 
Naturvid.,  1877,  XXII,  p.  41  et  seq. 

'  E.  Pettersen,  Terrasser  og  gamle  Strandlinier,  Tromsd  Mus.  Aarsh.,  1880, 
36,  52 ;  German  translation  by  R.  Lehmann,  Zeitschr.  Nat,  Halle,  1880,  LI 
821,  837.  The  particularly  long  stretches  of  lines  occurring  at  Viken 
Sandviken  (113  feet),  and  Grepstad  (123  feet)  on  the  south  side  of  the  island 
the  Malangen  fjord  were  described  by  Pettersen  as  examples  of  the  ladder-like 
of  lines.  The  abrupt  breaking  off  of  the  several  examples  of  lines  in  the  A) 
also  discussed  by  Sexe,  tom.  cit.,  p.  13  et  seq. 
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universal:  the  seter  of  Trondhjem  furnishing  a  rare  exception,  to  be  dis- 
cussed later.  It  is  a  general  rule  also  that  the  coast  of  the  islands  which 
looks  towards  the  open  sea  is  deficient  in  these  features,  and  indeed  that 
high-level  strand-lines  scarcely  ever  occur  on  a  coast  facing  the  open  sea. 
These  lines  are  almost  exclusively  confined  to  the  inner  sounds,  the  much 
ramified  arms  of  the  sea  behind  the  neighbouring  islands,  where  they 
chiefly  occur  in  narrow  creeks ;  and  these  facts,  combined  with  the  step-like 
succession  of  higher  and  higher  lines  as  we  proceed  towards  the  interior, 
lead  us  to  inquire  whether  the  terraces  and  seter  by  the  sea  may  not  have 
been  formed  in  the  same  way  as  those  on  the  high  mountains. 

We  shall  soon  encounter  other  evidence  which  will  leave  little  doubt  as 
to  this  fact. 

Ejerulf,  whose  masterly  investigations  extend  over  seven  degrees  of 
latitude  and  whose  opinion  is  of  the  greatest  weight,  maintains  that  lines 
so  sharply  defined  as  those  which  may  be  seen  on  the  coast  of  Norway  can 
only  have  been  produced  by  intermittent  and  comparatively  rapid  move- 
ments of  the  land.  The  same  opinion  had  previously  been  expressed  by 
Eeilhau.  The  mode  of  occurrence  of  most  of  the  great  terraces  he  regards 
as  sufficient  by  itself  to  show  that  they  represent  ancient  deltas;  the 
succession  of  the  terraces,  however,  shows  that  the  devotion  was  not 
wniform  but  intermittent  K 

This  theory  of  intermittent  elevation  of  the  land  has  been  opposed  by 
Sexe,  on  the  ground  that  the  height  and  nvmiber  of  the  lines  in  the  several 
fjords^  even  indeed  in  the  several  arms  of  the  same  fjord,  are  not  constant, 
and  that  in  general  on  the  coasts  of  the  open  sea  and  at  great  distances 
from  the  mouths  of  existing  rivers,  terraces  have  not  been  observed.  In 
the  several  lateral  valleys  of  the  Hardanger  fjord,  Sexe  remarks  that  the 
number  of  steps  is  very  variable ;  in  the  Odda  valley  five  steps  are  present, 
in  the  Tyssedal  two,  in  Einsarvik  five,  in  the  Oyfjord  two,  and  in  Graven 
four.  ThxiB  in  the  Odda,  five  of  these  sudden  movements  must  have 
occurred,  which  produced  stages  at  heights  of  298,  94,  80,  43,  and  12  feet ; 
in  the  Tyssedal  not  far  off,  only  two,  which  produced  stages  at  heights  of 
258  and  115  feet.    But  such  a  supposition  is  inadmissible  ^. 

The  want  of  uniformity  in  the  terraces  of  neighbouring  valleys  has 
been  emphasized  still  more  strongly  by  Gumaelius.  This  observer  has 
collected  all  the  measurements  of  strand-lines  and  terraces  in  the  region  of 
the  Norwegian  coast  published  up  to  1880,  and  has  tabulated  all  the  figures 

'  Ejemlf,  Die  Oeologie  des  giidlicben  and  mittleren  Norwegen ;  German  edition,  p.  12 
et  passim.  Bravais  also  assumes  spasmodic  eleyations  which  he  believes  to  have  been 
more  powerful  in  the  interior  than  on  the  coast,  but  Ejerulf  is  of  opinion  that '  no 
inclined  plane  can  be  constructed  from  the  lie  of  the  terraces.' 

'  8.  A.  Sexe,  On  the  Rise  of  Land  in  Scandinavia ;  Univ.  Progr.  Christiania,  1st  Sem. 
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in  succeosive  groups  of  10  feet  As  a  result  we  find  that  between 
610  feet  there  is  not  a  single  group  which  does  not  include  at  least 
the  measurements.  As  regards  local  peculiarities  the  follovring  con 
From  the  southern  point  of  Norway  to  Jaederen  no  terrace  is 
below  90  feet ;  thence  to  Trondhjem  every  decade  from  19  to  509 
represented;  the  highest  terraces  lie  between  570  and  579  fee 
Hardanger  fjord  they  do  not  extend  beyond  a  height  of  890  to  8£ 
In  the  Sogne  fjord  all  the  measurements  with  two  exceptions  lie  b 
180  and  490  feet  ^ 

Passing  from  south  and  central  Norway  to  the  Qords  of  the  nc 
find  that  in  Tromso  stift  and  Altenfjord  only  lower  horizons  are 
sented,  and  a  height  of  220  feet  is  scarcely  ever  exceeded.  Tb 
general  result  to  be  obtained  from  these  facts  is  that  in  the  soi 
terraces  and  seter  below  a  level  of  90  feet  appear  to  be  absent; 
north  those  above  a  level  of  220  feet. 

But  this  great  diversity  in  height  is  manifest  not  only  in  a 
summary ;  it  occurs  also  within  the  individual  fjords.  Gumaelius. 
many  other  examples,  gives  the  following:  between  the  Elidfjord  i 
Elidi^ord  Vand  in  the  Hardinger,  a  fine  terrace  may  be  seen  on  one 
the  valley  at  a  height  of  860  feet,  while  on  the  other  side  five 
occur  between  heights  of  10  and  800  feet  Such  great  local  dii 
could  not  fail  to  raise  doubts  as  to  the  marine  origin  of  these  i 
Qumaelius  expresses  his  scepticism  in  the  most  explicit  terms. 

Somewhat  different  from  the  results  obtained  by  the  No 
geologists  are  those  to  which  Hugh  Miller  was  led  by  a  studj 
neighbourhood  of  Trondhjem.  Between  the  sea-level  and  a  heigh 
feet  this  observer  distinguished  not  less  than  thirty-three  to  thi 
terraces,  chiefly  cut  in  clay  and  situated  almost  without  exce] 
sheltered  places.  Between  a  height  of  850  and  580  feet  he  obser^ 
to  ten  terraces ;  the  highest  lines  are  the  two  seter  cut  in  the  roc 
Ilsvike  near  Trondhjem,  which  will  be  discussed  presently. 

Hugh  Miller  regarded  all  the  terraces  as  post-glacial,  since 
highest  seter  are  cut  in  rock  which  has  been  rounded  by  ice ;  but  6 
marine  remains,  which  are  known  here  up  to  a  height  of  380  feet, 
arctic  characters,  the  water  at  the  time  of  the  high-level  terraces  n 
have  been  glacial  If  intermittent  elevations  really  occurred  th 
have  been  more  numerous  than  is  generally  supposed ;  it  is  also  ( 
considering  the  great  number  of  terraces  which  occur  here,  wh( 
have  been  preserved,  or  whether  many  may  not  have  been  efl 
storms  or  other  destructive  agents.    The  smaller  steps  resemble  i 

^  0.  Gumaelius,  NS,gra  reseanteekningar  Mn  Norge:  II.  Rullstensgrus, 
och  nutida  bildningar  af  bergartsspillor ;  Geol.  FOren.  Stockh.  FOrh.,  188C 
pp.  175-207. 
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which  may  be  seen  at  high  tides,  even  when  there  is  no  periodicity  of  any 
kind  in  the  sinking  of  the  water  level  ^. 

It  must  be  observed  that  Hugh  Miller  applies  this  last  remark  to  only 
the  smaller  and  lower  terraces.  I  have  carefully  examined  the  two  great 
lines  above  Ilsviken  which  were  first  described  by  Kjerulf.  They  occur 
one  above  the  other,  are  about  one  kilometer  in  length,  and  are  cut  partly 
in  schist,  partly  in  a  green  granite.  According  to  Sejersted  their  heights 
are  respectively  161-1  and  177*8  meters^.  The  lower  line  is  the  more 
sharply  defined,  and  presents  the  characters  of  a  typical  seter. 

They  run  along  a  moderately  steep  slope,  covered  by  low  bushes  and 
isolated  trees.  At  its  foot  lies  a  small  alluvial  plain,and  on  this  stands  the  town 
of  Trondhjem;  to  the  left  is  a  part  of  the  fjord,  and  to  the  right,  that  is  towards 
the  interior,  alluvial  deposits  of  great  thickness,  forming  regular  terraces. 

A  few  shallow  water-courses  run  down  the  slope  to  the  plain,  and  are 
separated  by  broad  flat  ridges.  The  cutting  back  of  the  rock  has  proceeded 
further  on  the  projecting  ridges  than  in  the  furrows,  where  it  is  slight  or 
next  to  nothing,  and  as  a  result  we  have  a  horizontal  causeway  which 
varies  in  breadth,  attaining  its  maximum  on  the  ridges,  where  it  is  some- 
times as  much  as  80  meters  across ;  on  the  mountain  side  it  is  bounded  by 
a  steep  but  not  very  high  clifil  The  cliff  shows  no  trace  of  striation,  but 
presents  a  splintered  and  broken-up  appearance.  This  shelf  in  the  rock 
has  certainly  not  been  produced  during  either  a  rise  or  fall  of  the  strand- 
line,  but  at  a  level  which  must  have  remained  stationary  at  precisely  this 
height  for  a  long  time.  The  excavating  action  must  have  been  rapidly 
interrupted,  otherwise  the  broad  horizontal  causeway  would  not  have  been 
so  perfectly  preserved.  So  far  we  may  accept  Kjerulf 's  view,  but  not  his 
supposition  that  the  cause  of  the  rapid  interruption  was  intermittent  eleva- 
tion. These  remarks  do  not  apply  to  the  lower  terraces,  which  are  un- 
accompanied by  seter,  and  cut  in  soft  clay. 

A  peculiar  association  of  terraces  and  glacial  formations  was  described 
many  years  ago  by  Codrington,  and  subsequently  in  great  detail  by 
Helland  and  Holmstrom  \    The  facts  are  as  follows : — 

Ascending  from  the  sea  we  first  cross  a  series  of  terraces ;  the  upper- 

*  Hugh  Miller,  Some  Results  of  a  detailed  Survey  of  the  old  Coast-Lines  near  Trondhjem, 
Norwaj ;  Brit  Assoc.  1885 ;  Nature,  October  8, 1885,  p.  555. 

'  J.  Sejersted,  in  R.  Lehmann,  Neue  Beitrfif^  zur  Kenntniss  der  ehemaligen  Strand- 
linien  im  anstehenden  Gestein  in  Norwegen,  Zeitscbr.  Nat.,  Halle,  1881,  LIY,  pp.  60, 68. 
Ejemlf  was  the  first  to  describe  this  line ;  Om  Skuringsmeerker,  &c,  part  II,  Univ.  Progr. 
Christianiai  2nd  Sem.  1875,  p.  91.  He  gives  as  the  heights  462  and  510  feet ;  Mohn 
obtained  160*7  and  178-5  meters. 

'  T.  Codrington,  On  the  probably  glacial  Origin  of  some  Norwegian  Lakes,  Quart 
Jonm.  6eoL  Soc,  1860,  XVI,  pp.  845-847 ;  A.  Helland,  Om  Beliggenheden  af  Monener 
og  Terraiser  foran  mange  IndsCer,  Ofvers.  E.  Vet  Akad.  FOrh.,  1875,  XXXII,  pp.  53-82 ; 
also  Quart  Joum.  Geol.  Soc,  1877,  XXXIII,  pp.  165-172 ;  L.  HolmstrOm,  Om  morftner 
och  terrasser,  Ofvers.  K.  Vet  Akad.  FOrh.,  1879,  No.  2,  pp.  5-47,  pi. 
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most  of  these,  sometimes  forming  a  broad  plain,  ends  towards  the 
against  a  terminal  moraine,  which  stretches  across  the  whole  valley, 
to  speak  crowns  the  terraces ;  we  will  speak  of  these  then  as  crotmecl  t 
On  the  other  side  of  the  moraine  comes  a  lake,  recognizable  as  a  ti 
basin ;  its  surface  stands  above  the  sea-level,  its  bed  frequently  deso 
below.  In  some  cases  additional  terraces  are  to  be  seen  beyond  the 
the  landward  side ;  these  must  be  regarded  as  its  marginal  terracea 

The  lake  is  thus  dammed  across  by  the  terminal  moraine,  and  t 
of  alluvial  land  in  which  the  crowned  terraces  are  cut  stands 
intimate  relation  with  the  moraine.  Sexe  pointed  out  many  years  ) 
the  alluvium  must  have  been  transported  into  its  present  positioi 
the  existence  of  the  glacier,  for  it  could  not  otherwise  have  crossed 
of  the  moraine  and  lake. 

Helland  emphasizes  the  fact  that  this  relation  of  the  terminal 
to  the  terraces  is  repeated  in  nearly  fifty  of  the  largest  lakes  of 
and  in  the  most  tj^ical  instances  which  he  cites  from  the  wes 
country,  as  in  the  Hardanger,  the  Sogne,  and  Nord  fjords,  the  I 
these  terraces  scarcely  ever  exceeds  100  metera  The  case  of  the  ] 
dais  Vand,  Nordfjord,  is  remarkable  on  account  of  the  extreme 
depth  of  the  dammed  up  lake ;  its  surface  stands  at  +  54  meter 
depth  is  486  meters ;  it  therefore  descends  to  »4S2  meters. 

The  moraine  is  not  always  distinctly  marked ;  the  lake  then  appei 
directly  against  the  uppermost  terrace ;  this  is  the  case  which  has 
cussed  in  connexion  with  the  Sagel  Vand,  Bals  Qord  (II,  p.  833).  Pett 
described  a  peculiar  example  in  Evaenangen,  where  two  small  L 
behind  the  other,  are  cut  off  from  the  sea  by  a  similar  barrier.  ] 
has  given  a  sketch  of  the  south  Eangerdluarsuk  in  Greenland,  sho 
successive  terraces  crowned  by  a  terminal  moraine  at  a  height  of  < 

I  have  not  visited  the  Hardanger  fjord,  but  it  would  appear  t 
some  very  instructive  features.  Helland  states  that  the  lake  Grav 
is  separated  at  its  head  from  the  sea  by  alluvial  land  with  terraces 
and  41  meters.  In  the  detritus  of  the  middle  terrace  trunks  of  tr 
of  Conifers,  and  also  hazel  nuts  occur.  The  post-glacial  shell  beds 
far  up  as  the  highest  terrace,  i.  e.  41  meters.  This  recalls  the  c 
wood  of  the  terrace  of  the  Bals  fjord,  and  we  must  wait  fo 
evidence  to  decide  whether  these  plant  remains,  and  with  them  th 
deposits,  belong  to  an  interglacial  episode  or  not.  The  cutting  c 
terrace  itself,  judging  from  its  height,  which  is  identical  with  tt 
shell  beds,  may  have  commenced  in  post-glacial  times  ^. 

^  K.  Petteraen,  Kvaenangen  ;  et  Bidrag  til  Bes^relse  af  SpOrgsmaalet  om  F 
sen,  Tromsd  Mas.  Aarsh.,  1881,  IV,  pp.  1-36,  map ;  Komerup,  Meddelelser  od 
1881,  II,  p.  186;  Helland,  Om  en  Stigning  af  Landet  Ted  Hardangerfjord 
saeidel.  ncer  Tid,  Geol.  FOren.  Stockh.  FCrh.,  II,  1875,  pp.  120-125. 
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In  all  these  cases  the  end  of  the  glacier  occupied  the  hollows  now  filled 
by  lakes,  at  the  time  the  delta  was  formed ;  and  the  upper  surface  of  this, 
often  of  considerable  extent,  stands  to  the  lake  in  much  the  same  relation 
as  the  recent  alluvial  plains,  raised  and  levelled  by  winding  glacial  brooks, 
stand  to  some  of  the  lakes  in  the  Alps,  as  for  instance  the  plain  of  Gschloss 
below  the  Schlattenkees  of  the  Venediger.  The  accumulation  of  the  glacier 
silt  must  be  distinguished  from  the  formation  of  the  terraces,  since  the 
latter  are  subsequently  cut  out  of  the  former,  even  as  the  lines  in  the  cliffs 
have  been  cut  out  of  the  hard  rock. 

Sexe  and  Gumaelius,  reasoning  from  local  differences  in  the  height  of 
the  terraces,  arrived  at  different  explanations,  which  agree,  however,  in 
regarding  the  terraces  as  due  to  deposition  in  stages,  the  result  of  varia- 
tions in  the  quantity  of  transported  material,  or  in  the  rate  of  melting  of 
the  ice ;  but  theories  of  this  nature  will  not  explain  the  existence  of  lines 
cut  in  the  rocks,  and  I  can  scarcely  believe  that  terraces  of  deposition 
would  present  such  sharp  outlines ;  we  have  seen  also  on  the  Sagel  Vand 
that  the  irregular  stratification  of  the  terraces  is  more  steeply  inclined  than 
their  slopes. 

In  certain  fjords  between  lat.  68°  5(y  and  70**  N.  another  kind  of  con- 
nexion between  the  terraces  and  the  events  attendant  on  the  close  of  the 
glacial  period,  no  less  remarkable  than  the  preceding,  has  been  recognized 
by  Pettersen.  In  this  region  the  ice  has  distributed  over  the  land  thousands 
of  erratics  derived  from  a  characteristic  red  granite  in  Sweden,  and,  as  we 
have  already  mentioned,  Pettersen  has  met  with  erratics  of  this  rock  on 
the  slopes  of  the  Store  Ala  in  Bardo  up  to  3,200  feet,  and  on  the  Mauken 
towards  the  Tag  Vand  up  to  2,500  feet.  In  the  immediate  neighbourhood 
of  the  sea  the  height  at  which  these  blocks  of  red  granite  occur  suddenly 
diminishes.  It  certainly  appears  as  if  the  glaciers  bearing  with  them  these 
erratics  had  pushed  forwards,  probably  at  a  time  when  the  retreat  of  the 
ice  was  arrested,  against  the  moraine  which  closed  the  fresh-water  lake  in 
the  Salangen  and  also,  under  similar  conditions,  over  the  Sagel  Vand 
towards  Bals  fjord,  but  in  these  localities  the  boulders  have  already  sunk 
to  a  level  of  some  few  hundreds  of  feet.  On  the  coasts  of  the  fjords  them- 
selves they  are  scattered  up  to  a  horizontal  limit,  which  according  to 
existing  observations  does  not  extend  above  200  feet  in  Salangen,  160  in 
Malangen,  and  only  120  to  180  feet  in  Bals  fjord.  Pettersen  believes  that 
these  erratics  were  distributed  by  drift  ice,  at  a  time  when  the  ice  cap  was 
melting.  The  upper  limit  of  the  erratics  in  the  fjords  coincides  with  the 
upper  limit  of  the  terraces  ^ 

Here  we  may  remark  that  the  great  and  lofty  islands  off  the  coast,  as 

*  E.  Peilenen,  Det  noxdlige  Norge  under  den  glaciale  og  postglaciale  Tid,  III  Bidrag ; 
XI,  Granitisk  FlytblokkestrOm  udefter  Maalaelv,  Bardo  og  Salangidal ;  TromiO  Mas. 
Aanh.,  1885,  VJI,  pp.  23>8a 

■ouotn  A  a 
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well  as  the  most  westerly  parts  of  the  peninsula  itself,  which  in  p 
in  the  Lyngen  fjord,  stiU  bears  glaciers,  were  certainly  not  free  i 
during  the  glacial  epoch.    On  the  contrary  they  were  the  centres 
pendent  glacier  systems,  which  behaved  towards  the  invading  in 
of  Sweden  just  as  the  existing  local  glaciers  of  the  western  part  « 
Greenland  do  towards  the  ice  of  the  east.   Holm  has  shown  that  on 
side  from  cape  Farewell  down  to  about  lat  60*"  30'  N.  the  land 
high  mountains  from  which  glaciers  radiate  out  in  all  directions  t 
mountain  groups  of  the  Alps ;   in  the  east,  however,  the  height 
exceed  8,000  feet,  and  a  snow-covered  ice-sheet,  through  which 
peaks  protrude,  mantles  all  the  land;   but  even  at  the  present 
glaciers  are  increasing  in  size,  and  it  seems  as  though  they  would  u 
unite  to  form  a  continuous  sheet    Similarly  in  Norway,  Pette 
recognized  that  the  Troms  Tind,  3,970  feet  high,  situated  not  far 
west  coast,  was  passed  by  a  mighty  glacier  tongue  which  once  ; 
across  the  existing  sound  to  the  island  of  Troms5,  and  this  it  cov( 
rocks  derived  from  the  Troms  Tind  *. 

In  the  fjords  of  the  Tromso  stift  a  certain  subordination  and  c 
of  phenomena  may  be  recognized.  We  see  a  mighty  mass  of  ic 
from  Sweden  and  advancing  towards  the  Atlantic  through  the  po 
over  the  pylons  of  the  glint,  and  the  red  granite  blocks  lie  more  tl 
feet  above  the  existing  level  of  the  sea.  In  the  region  of  the 
fjords,  this  ice-sheet  appears  to  have  encountered  the  ice-flows  pro 
a  local  glaciation,  which  proceeded  from  the  heights  and  islanc 
west  coast.  The  marine  deposits  observed  by  Pettersen  in  Lav 
a  height  of  150  feet  and  on  Tromso  at  170  feet  were,  he  thought 
interglacial,  as  may  well  be  the  case,  for  they  must  be  more  re< 
the  first  great  glaciation  and  older  than  the  terraces  situated  ai 
level. 

After  the  first  advance  of  the  ice,  the  glaciers,  although 
not  attain  their  previous  dimensions,  moved  forwards  a  secc 
pushing  their  frontal  moraines  towards  the  upper  end  of  the  Salan 
the  Bals  fjord,  and  many  other  arms  of  the  sea,  where  they  depos 
detritus.  Then  followed  the  formation  of  the  terraces,  which  i 
temporaneous  with  the  second  glacial  episode  or  the  latter  pj 
Finally  the  ice  disappeared ;  at  a  height  of  +  30  to  40  feet  the  pc 
shelly  sands  were  deposited  on  the  coast ;  the  deepening  of  the  ^ 
running  water  commenced  and  still  continues,  as  well  as  the  for 
new  river  terraces. 

Lastly,  we  must  mention  that  in  the  northern  fjords  continuoi 

'  G.  F.  Holm,  Geografiske  UndersOgelBe  af  GrOnlands  sjdligste  Del,  Medd 
GrOnland,  1883,  VI,  p.  174  et  seq. ;  K.  Pettersen,  Det  nordlige  Norge,  &c.,  IX,  1 
TromsO  Mus.  Aareh.,  1885,  VII,  pp.  5-20. 
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pumice  are  sometimes  met  with :  in  Vargas,  Bedemar  describes  their 
occurrence  at  Jupwik  and  on  the  coast  of  Kwalo ;  Keilhau  was  acquainted 
with  beds  of  this  kind ;  Roberts  records  pumice  at  Hammerfest,  60  to  80 
feet  above  the  sea ;  Pettersen  found  it  near  Tromso,  often  at  a  height  of 
30  or  40  feet ;  near  Bodo,  in  making  an  excavation  numerous  fragments 
of  pumice  associated  with  Cardiuvi  eclvle  and  Littorina  littorea  are  said 
to  have  been  met  with  at  a  height  of  150  feet.  Instances  of  pumice 
occurring  in  the  higher  beds  of  the  interior  parts  of  the  fjords  are  not 
known  to  me.  These  waifs  can  only  have  been  washed  in  from  the 
open  sea  ^. 

As  a  result  of  these  very  various  observations,  we  recognize  the  following 
peculiarities  as  characteristic  of  these  formations :  the  association  of  terraces 
with  sharply-cut  seter;  the  horizontality  of  all  the  lines;  the  step-like 
succession  of  lines  at  levels,  continually  increetsing  in  altitude  towards  the 
head  of  the  fjord ;  the  restriction  of  the  highest  lines  to  the  head  of  the 
fjord  or  its  larger  lateral  valleys;  the  want  of  correspondence  between 
the  height  of  the  lines  in  adjacent  fjords,  or  in  different  parts  of  one  and 
the  same  fjord ;  the  occurrence,  by  no  means  rare,  of  a  lake  in  the  glacier 
bed,  closed  at  its  lower  end  by  a  moraine,  which,  towards  the  sea,  crowns 
terraced  alluvial  land ;  and  the  coincidence  in  some  of  the  fjords  of  the 
highest  lines  with  the  upper  limit  of  the  erratic  blocks,  which  have  been 
distributed  by  drift  ice.  Finally,  the  rule  appears  to  hold  that  in  the 
extreme  south  of  Norway  the  lower  horizons  are  not  represented,  while 
the  upper  horizons  are  similarly  absent  in  the  north. 

Several  of  these  characters — such,  for  instance,  as  the  step-like  succession 
of  the  lines  at  continually  increasing  altitude  towards  the  head  of  the  fjord, 
and  the  absence  of  higher  lines  towards  its  mouth,  a  rule  to  which  there  is 
scarcely  an  exception  ;  or,  again,  the  breadth  of  the  seter,  which  points  to 
a  rapid  change  in  the  relative  level  of  land  and  water ;  and,  finally,  the 
inequality  of  the  heights— cannot  by  any  means  be  reconciled  with  what 
we  know  of  the  action  of  the  sea  between  tide  levels.  On  the  other  hand, 
there  are  a  number  of  facts  which  point  to  the  influence  of  ice. 

Under  these  circumstances  we  must  seek  information  in  those  localities 
where  similar  conditions  prevail  at  the  present  day.  The  existing  ice- 
sheet  of  Greenland  presents  itself  along  the  west  coast  as  the  remains  of 
a  once  much  more  extensive  mass  which  advanced  a  long  way  towards 
Baffin  bay,  filling  all  the  straits  in  front  of  the  fjords  and  overwhelming 
a  great  part  of  the  adjacent  islands.  The  largest  of  the  existing  glaciers 
are  but  the  relics  of  the  far  larger  ice-streams  of  the  past.  According  to 
Steenstrup's  observations,  the  glacier  of  Jakobshavn  once  filled  the  bay 
of  Disco ;  that  of  Torsukatak  the  Vaigat  strait ;  the  glacier  in  the  fjords 

'  Yaigas  Bedemar,  Reise  nach  dem  hoben  Noxden,  Svo,  Frankfurt  a.  M.,  1819,  II, 
pp.  99,  289 ;  bj  tbe  lame,  Arktis  II,  Arch.  Matb.  Naturrid.,  1881,  p.  476. 
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of  Umanak  and  Karat  carried  an  immense  mass  of  ice  beyond  U 
Eliland ;  the  gneiss  blocks  of  the  mainland  were  dragged  along  and  i 
over  the  basalt  table  mountains  which  form  the  peninsula  and  if 
the  coast.  Near  the  settlement  of  Nugsuak,  at  the  extremity 
peninsula  of  the  same  name,  which  projects  into  the  sea  towards  1 
the  direction  of  the  ancient  striation  runs  from  north  to  south, 
fact,  tc^ther  with  the  immense  quantity  of  foreign  boulders 
island  and  on  the  west  side  of  Disco,  appears  to  indicate,  as  St 
points  out,  that  Baffin  bay  itself  was  once  filled  with  ice  ^.  Sin 
dence  of  a  former  far  greater  extension  of  the  ice  is  afforded  by  n 
localities  along  the  coast. 

Terraces  and  sKell-bearing  sand  occur  in  Greenland.     It  is  tru 
the  glaciated  region  which  extends  from  cape  Farewell  to  lat.  6( 
neither  terraces  nor  shells  are  mentioned  by  Holm:  on  the  oth 
between  lat.  60*  45'  to  61*  15'  N.,  Steenstrup  observed  terraces 
height  of  150  feet,  but  no  shells,  except  at  two  places  10  to  15  fe 
high  water  *.    From  lat.  62"  15'  to  64"  15'  N.,  Jensen  and  Komerup 
terraces  up  to  612  feet,  and  marine  shells  up  to  35  feet,  the  lattei 
one  place  on  the  coast.    Further,  shells  of  Mytilvs  edvlis  and  Mya 
were  encountered  at  a  height  of  35  feet  on  the  shore  of  an  inland  1 
Bjome  sound.     Komerup  adds  that  the  terraces  in  Ameragdla  ( 
and  Ilivertalik  (822  feet)  have  doubtless  been  formed  by  the  sea,  si 
occur  in  an  exposed  position ;  but  that  it  is  scarcely  likely  the  sea 
the  level  of  the  single  high  terrace  on  the  Bjome  sound  (612  feet) ; 
may  frequently  be  barred  across  by  a  moraine,  and  in  the  basin  i 
alluvial  flats  may  be  formed   simulating  a  marine  terrace.     K( 
account  contains  a  particularly  instructive  description  of  the  eflfe 
tides  on  the  mighty  mass  of  sand  and  clay  which  the  great  Freder 
glacier  bears  with  it  into  the  sea ;  the  planing  down  of  the  materi 
tidal  zone  is  repeated  twice  daily.     Between  lat.  66**  55'  and  68 
the  same  observer  met  with  terraces  up  to  a  height  of  880  feet,  b 
only  in  a  single  locality  at  a  height  of  20  feet.     Finally,  bet\ 
69"  and  72**  80"  N.,  Hammer  and  Steenstrup  found  terraces  up  to 
and  shells  up  to  190  feet  ^.    The  shells  in  this  case  were  observed  at 
locality  only,  at  Pagtorfik  (Umanak),  where  they  lie  in  stratified 

^  E.  J.  y.  Steenstrup,  Bidrag  til  Kjendakab  til  de  geognostiRke  og  geografisk 
i  en  Del  af  Nord-GrOuland ;  Meddelelser  om  GrOnland,  1883,  IV,  pp.  213,  220. 

'  G.  F.  Holm,  Geografisk  Undersdgelse  af  GrOnlands  sydligste  Del,  op.cit., 
pp.  149-192 ;  K.  J.  Y.  Steenstrup,  Bemserkninger  til  et  geognostik  Ovei*8igtsli 
en  Del  af  Julianehaab's  Distrikt,  op.  cit.,  1881,  II,  pp.  39-40. 

'  A.  Komerup,  Geologiske  lagttagelser  fra  Vestkysten  af  GrOnland  (62°  15'- 
Br.),op.  cit.,  1879,  I,  pp.  94-102;  by  the  same,  Geologiske  lagttagelser  fra  Ves 
GrOnland  (66°  15'-68M5'  n.  Br.),  op.  cit.,  1881,  II,  pp.  181-189;  K.  J.  V.  S\ 
Bidrag  til  Kjendakab,  &c.,  pp.  227-236. 
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sand,  and,  according  to  all  accounts,  Nordenskiold  8  in  particular,  they 
would  appear  to  date  from  a  somewhat  early  period  \  At  Eugsuak  (Disco 
fjord),  Steenstrup  observed  valves  of  Mya  truncata  in  a  terrace  172  feet 
high,  and  in  the  Nord  fjord  shells  are  found  on  both  sides  of  the  fjord 
at  a  height  of  70  to  80  feet.  The  other  beds  lie  only  20  feet  above  the 
sea,  and  the  most  recent  formation,  just  above  high  water,  is  represented 
by  some  beds  with  MytUus  edulis  in  the  Disco  fjord.  Steenstrup  discusses 
the  question  whether  the  movement  of  the  strand-line  took  place  con- 
tinuously or  intermittently,  and  considers  the  latter  more  probable,  since 
the  terraces  are  so  sharply  defined;  he  adds,  however,  that  one  and  the 
same  terrace  may  present  in  one  place  a  single  uniform  slope,  and  in 
another  a  succession  of  subordinate  steps,  so  that  local  influences  must 
have  made  themselves  felt. 

From  the  foregoing  it  would  appear  that  at  various  localities  along  the 
coast  as  far  as  Disco,  and  between  20  and  35  feet  above  high  water,  shelly 
sands  occur  in  a  position  similar  to  that  occupied  by  the  post-glacial  sand 
on  the  west  coast  of  Norway,  and  that  the  marine  shells  met  with  at 
a  greater  height  have  hitherto  been  found  only  in  the  most  northerly  of 
these  regions.  The  terraces  reach  far  greater  heights.  At  the  same  time 
we  must  observe  that  the  mollusca  and  Elchinoids  of  the  present  day 
always  avoid  fresh  or  muddy  water  in  the  neighbourhood  of  a  glacier; 
their  presence  indicates  the  absence  of  ice  in  the  neighbourhood. 

We  may  now  compare  the  two  great  glaciers  of  Frederikshaab  and 
Jakobshavn. 

For  the  former,  we  will  again  follow  the  accounts  of  Jensen  and 
Komerup^.  The  end  of  the  glacier,  of  great  breadth  and  traversed  by 
radiating  crevasses,  advances  towards  the  sea  with  a  convex  front,  known 
as  the  Frederikshaabs  isblink^;  the  flat  land  in  front  of  it,  formed  of 
material  which  it  has  itself  transported,  measures  about  8*5  kilometers  in 
breadth.  The  isblink  itself  is  the  splayed-out  end  of  a  stream  of  inland  ice 
which  flows  from  Jensen's  nunataks  towards  the  south-west.  In  its  pro- 
gress this  ice-stream  dams  up  on  its  south  side  a  fresh-water  lake,  the 
Tasersuak,  which  lies  at  a  height  of  -h  940  feet,  and  is  covered  by  icebergs 
given  oflF  at  both  ends  of  the  calving  glacier.  The  Greenlanders  have 
a  tradition  that  the  Tasersuak  was  once  a  fjord,  and  that  before  the  ice 
closed  it,  it  could  be  entered  even  by  the  big  boats  used  by  women.  This 
indeed  may  well  have  been  the  case,  although  the  traveller  Dalager  is  said 
to  have  crossed  the  lake  as  early  as  1751.     The  lake  communicates  by 

'  A.  E.  Nordenskidld,  Redogdrelse  fOr  en  expeditionen  till  Grdnland,  &r  1870 ;  Ofvcrs. 
K.  Vet.  Akad.  POrh.  Stockholm,  1870,  No.  10,  p.  1018. 

'  J.  A.  D.  Jensen,  Indlandsisen  Ost  for  Frederikshaabs  Isblink,  1878 ;  Meddelelser  om 
GrOnland,  1879,  J,  map  C. 

'  The  Danish  spelling  has  been  retained,  since  English  navigators  attach  a  different 
meaning  to  the  word  *  ice-blink."    (Note  by  the  Editor.) 
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a  canal  in  the  ice  with  another  and  much  mnaller  lake,  ntoated  at  i 
of  640  feet,  and  from  this  a  river  flows  into  the  npper  ptvt  of  Tininj 
a  deep  fjord  filled  with  fresh  water,  and  completely  separated  from 
by  the  silting  up  doe  to  the  iablink. 

Similar  phenomena  occur  on  the  north  side  of  the  ice-strean 
fairly  important  freah-water  lakes  are  formed  by  a  T-shaped  extr 
the  ice ;  their  height  above  the  sea  is  not  known ;  like  Tasersnak  ' 
covered  with  fragments  of  floating  ice.  Below  them  lies  the  Ma 
fjord;   in  1878  its  communication  with  the  aea  was  almoet  cut 


Fio.  87.      Fredtrikahaalit  Isbtink  (after  Hammer 


only  maintained  by  a  powerful  current  which  undermines  tlie  inlai 
its  month.  Majorarisat  on  the  north  corresponds  with  Tiningne 
the  south  side. 

Tasersuak  is  33-8  kilometers  in  length,  ami  5-6  kilometers  in  1 
here,  we  might  suppose,  the  incessant  drifting  of  the  ice  and  the 
of  temperature  should  afford  opportunity  for  the  formation  ol 
or  shelf  in  the  rock.  If  the  lake  were  then  to  be  suddenly  i 
a  horizontal  shelf  would  remain,  which  would  be  interpreted  as  1 
of  a  spasmodic  movement.  We  thus  see  that  in  Tasersuak  a  su 
water  exists  at  a  level  of  940  feet ;  below  it  there  is  a  small  sheet  c 
at  a  level  of  640  feet ;  on  the  north  side  another  sheet,  also  above  t 
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of  Uie  sea,  at  a  height  not  yet  detennined,  or  there  may  even  be  two  sheets 
of  water  at  different  heights,  that  is  the  two  lakes  above  Majorarisat ;  then 
follow  the  silted-up  fjords  and  the  open  sea.  It  is  certain  that  the  ice  also 
carries  sand  and  mnd  into  the  inland  lakes ;  if  at  any  time  these  should 
empty  themselves  even  in  part,  then  the  conditions  would  be  realized  for 
the  carving  out  of  terraces.  Thus  from  940feet  down  to  the  sea-level,  there 
occur  at  different  levels  all  the  conditions  prdirrdvary  to  the  formation  of 
horizontal  li^^e8  and  dejjs,  withoiU  the  intervention  of  oaeillaiionB  either 
of  land  or  tea. 

The  vast  variety  of  the  conditions  created  in  this  way  will  appear 
etill  more  clearly  if  we  consider  another  example,  the  glacier  fjord  of 
Jahobahavn. 


Pi«.  88.     JaimMtaaw  Itfjonl  C«Rer  Hammer).    On  the  ume  Male  ■■  Fig.  87. 

'Riis  was  first  described  by  Rink ;  it  was  on  the  great  glacier,  which 
here  reaches  the  sea,  that  Helland  made  his  observations  in  1875,  when  he 
demonstrated,  for  the  first  time,  the  extraordinarily  rapid  movement  of 
this  outflow  from  the  inland  ice ;  the  most  detailed  description  has  been 
given  by  Hammer'. 

The  calving  of  the  glacier  is  always  in  progress;  the  height  of  the 
vertical  ice  front  amounts  to  about  200  feet,  but  towards  the  interior 
the  npper  surface  of  the  glacier  soon  rises  to  over  1,000  feet.  Its  mean 
velocity,  as  estimated  by  Hammer,  may  be  taken  as  50  feet  a  day ;  in  the 
'  R  R.  J.  Hammer,  UnderaOgelaer  *ed  Jakobshama  IsQord  og  n&nneste  Omegn,  Vinteren 
1879-1880;  HeddelelKrom  GrOnland,  1883,  IV,  pp.  1-66,  mapa. 
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illustration  the  line  in  the  sea  represents  its  termination  as  it  was 
Rink  in  1850 ;  Helland  in  1875  found  the  glacier  calving  in  the  t 
the  little  bay  on  the  south  side ;  the  line  drawn  on  the  ioe  repre 
state  according  to  Hammer  in  the  autumn  of  1879,  and  the  map  sh 
it  was  in  March,  1880:  it  had  receded  4*2  kilometers  since  1: 
present  the  south  side  of  the  glacier  closes  the  great  fresh-wate 
Nunatap-tasia.  The  surface  of  this  lake  stands  at  165  feet,  and 
the  west,  where  Hammer  bored  through  the  ioe,  5-6  inches  thic 
covered  its  surface,  its  bottom  sinks  to  about  100  feet  below  the 
If  the  glacier  should  continue  its  retreat  a  little  longer,  then  Nuna 
would  be  emptied  and  again  become  part  of  the  fjord.  If,  on  the  ot) 
it  should  advance  beyond  its  position  in  1850,  then  it  would  so 
the  narrow  mouth  of  the  great  and  much  ramified  fjord  of  Tasiusc 
even  now  is  generally  filled  with  icebergs ;  the  outer  part  of  Jak< 
ice-fjord  likewise  is  so  cumbered  with  ice,  as  to  be  unnavigabl 
greater  part  of  the  year,  and  as  a  consequence  Tasiusak  is  generall; 
by  a  portage  situated  south  of  Claushavn.  If  Tasiusak  were  cI 
if,  at  the  same  time,  the  slowly  moving  glacier  arms  of  AlemgordL 
only  exceptionaUy  bears  moraines,  and  of  Sarkardlek,  which  con 
grammes  of  sediment  per  cubic  meter  of  water,  were  cut  off  f  ron 
then  conditions  would  be  realized  here  having  an  obvious  resem 
those  which  determined  many  of  the  terraces  of  the  Norwegi 
Below  the  termination  of  Alangordlek  crowned  terraces  might  ar 
height  of  the  water  level  in  the  whole  region  of  the  Tasiusak  w( 
depend  on  the  height  of  the  lowest  (portage  not  covered  by 
portage  of  Claushavn,  mentioned  above,  bears  the  lake  of  Tasersw 
lies  in  a  hollow  at  a  height  of  102  feet.  East  of  this  lake  the  n 
over  a  ridge,  only  207  feet  high,  to  the  fjord  of  Kiakusak,  which  is 
of  the  Tasiusak.  At  the  upper  eTui  of  the  Kiakuttak,  and  thua  in  t 
of  the  TaaiuHak,  terraces  actually  occur  up  to  a  height  of  200  /eet 
isblink  of  Jakobshavn  were  to  advance,  then  conditions  would 
realized  for  the  formation  of  similar  terraces  at  the  same  he; 
without  the  le€U3t  alteration  in  the  position  of  the  strand-line  ^ 
A  word  may  be  added  as  to  the  Nunatap-tasia.  It  is  now  a 
for  the  water  produced  by  the  melting  of  the  glacier.     Hammer  h 

^  When  Rink,  and  afterwards  Helland,  visited  the  south  side  of  the  fjord  of  J 
glacier,  they  thought  they  were  in  the  bay  of  Tivsarigssok,  a  little  bay  on 
which,  according  to  the  Greenlanders,  contains  seals,  the  flesh  of  which  1 
reindeer  meat.  Hammer,  however,  believes  that  the  'seals'  bay,'  Tivsarigssok,  1 
inland  and  was  quite  icebound,  and  that  Rink  and  Helland  were  in  the  bay 
lukasik.  I  mention  this  as  illustrating  the  variation  to  which  the  glacier 
secondary  bays  are  subject ;  A.  Helland,  Om  de  Isfyldte  Fjorde  og  de  glaciale 
i  NordgrOnland,  Arch.  Math.  Naturvid.  Kristiania,  1876,  I,  p.  74,  note,  and 
mexn.  cit. 
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by  investigations  carried  on  during  the  period  of  severest  cold,  that  fresh 
water  flows  from  the  glacier  the  whole  winter  through,  so  that  at  certain 
times  it  lies  on  the  frozen  surface  of  the  lake.  It  is  in  autumn  that  the 
water  level  is  highest;  in  March  it  is  about  three  feet  lower;  on  April  1, 
1880,  the  temperature  of  the  air  was  found  to  be  —  20•3^  and  that  of  the 
ice,  six  inches  below  the  surface,  — 19-6°.  Thus  slight  oscillations  of  the 
water  level  occur,  and  very  great  changes  in  the  temperature  to  which 
the  rock  is  exposed ;  such  circumstances,  as  may  be  easily  supposed,  must 
be  particularly  favourable  to  the  production  of  a  permanent  mark  in 
the  rock. 

Whether  an  advance  of  the  Jakobshavn  glacier  would  produce  similar 
phenomena  by  closing  the  fjord  of  Sikui-juitsok  on  its  north  side  is 
doubtful,  for,  according  to  Hammer,  this  fjord  is  already  so  overburdened 
by  ice  that  it  would  then,  in  all  probability,  become  completely  filled. 

If  the  outflows  of  the  inland  ice  were  again  to  advance,  as  they  did  in 
the  past,  through  Karrat,  Umanak,  Weigat,  Disco  fjord  and  elsewhere,  into 
the  sea,  then  behind  Ubekjendt  Eiland,  Disco,  and  in  many  other  places, 
opportunity  would  occur  for  the  formation  of  lines  and  terraces  on  a  much 
greater  scale,  and  at  heights  and  in  situations  of  almost  infinite  variety. 
For  this  reason  all  the  setei'  and  the  great  majority  of  terraces  in  the  fjords 
of  western  Norway  must  he  regarded  as  monumenUs  of  the  retreating  ice^ 
and  not  as  evidence  of  oscillation  of  the  sea-level ,  and  still  less  of  oscillation 
of  the  solid  land. 

No  doubt  negative  displacement  of  the  strand-line  did  occur  during 
and  after  the  period  of  the  greatest  extension  of  the  ice  in  Norway :  the 
repeated  occurrence  of  marine  shells  above  the  existing  sea-level  is  a  proof 
of  thia  It  is  equally  certain  that  at  present  the  Norwegian  rivers  are 
still  engaged  in  modifying  their  valleys,  and  are  capable  of  creating  new 
terraces.  The  seter  and  terraces  in  the  fjords,  however,  are  generally 
characterized  by  special  features,  which  are  met  with  neither  in  marine 
nor  fluviatile  formations,  but  are  precisely  those  which  would  result  from 
the  conditions  associated  with  the  movement  of  the  glacier  tongues  of 
Greenland. 

The  terraces  and  seter  on  the  slopes  of  the  Dovrefjeld  and  in  Lapland 
beyond  the  Swedish  watershed  are  therefore,  despite  their  elevated  position, 
all  members  of  one  and  the  same  series  of  phenomena,  to  which  the  terraces 
and  seter  in  the  fjords  also  belong.  The  step-like  succession  of  fragments 
of  horizontal  lines  which  appear  towards  the  head  of  a  fjord  at  progressively 
higher  horizons,  is  thus  simply  a  proof  that  the  fjord  has  been  completely 
barred  across  by  ice :  at  first  there  was  a  little  lake  at  a  high  level,  then  as 
the  ice  receded,  a  larger  lake  at  a  lower  level  was  produced  either  by  the 
exposure  of  a  lower  lying  col  or  ejde,  or  owing  to  the  behaviour  of  the  ice 
itself ;  and  so  on,  again  and  again. 
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We  may  now  distingaish  between  the  various  types  of  closure,  si 
the  occlusion  of  a  valley  on  the  retreat  of  an  ice-8U«am  which  ha 
viously  moved  towards  the  mountains  (Dovrefjeld,  Sitas-Jaur),  or  1 
passage  across  its  mouth  of  an  ice-stream,  which  may  also  have 
simply  as  a  mass  of  ice  on  the  sea  bottom,  as  was  certainly  the  c 
most  of  the  fjords ;  or  the  same  process  may  be  repeated  on  a  smalle 
in  transverse  vaUeys,  either  by  simple  closure  (Lochaber,  Rofn,  Ma 
Arandu  in  Basha)  or  double  closure  (Tasersuak  on  the  glacier  of  Free 
haab,    Nunatap-tasia    on    that  of  Jakobshavn);  or   twin  lakes  ^ 
T-shaped  barrier  may  arise  (above  Majorarisat) ;  but  everywhere 
vaUeys  of  the  Alps,  the  Him&laya,  Scotland,  and  Norway,  and  in  the 
of  Norway  and  Greenland,  we  find  essentially  the  same  features 
have  been  left  behind  by  the  varying  movement  of  the  ice.     AI 
types  of  closure,  and  with  them  the  crowned  terraces,  are  only  sec 
modifications  of  a  phenomenon  frequently  met  with  in  severely  gl 
lands,  which  indeed,  as  Nordenskiold  pointed  out  in  1870,  constitu 
of  their  most  marked  characteristics,  that  is,  the  presence  of  a  f  resl 
lake  at  the  meeting-place  of  the  ice  and  rock  \ 

During  the  glacial  period,  and  even  after  it,  the  strand  in  I 
stood  higher  than  at  present ;  the  terraces  met  with  in  very  open  1 
for  instance  in  Christiania  fjord,  which  is  essentially  different  fr 
narrow  fjords  of  the  north,  may  indeed  be  genuine  vestiges  of  a  se 
like  the  terraces  of  western  Patagonia,  which  also  occupy  an  open  sit 
but  the  seter  are  not  so,  nor  are  many  of  the  terraces  of  the  west  < 
Norway,  especially  those  of  considerable  altitude.  The  crowned 
are  cut  in  the  ddbris  cones  of  valleys  through  which  glaciers  once 
for  a  time  at  least.  The  sheet  of  water  which  cut  these  terraces  m; 
been  the  open  sea  or  a  confined  lake. 

Those  fjords  of  the  north  which  I  had  an  opportunity  of  exi 
myself  resemble  in  every  respect  submerged  valleys.  The  great  '. 
upper  Italy,  Lago  Maggiore,  lakes  Como  and  Garda,  produce  tl 
impression.  They  are  closed  by  alluvial  land,  like  so  many  sma 
at  the  heads  of  fjords,  and  since  moraines  stand  at  their  exits  tl 
of  upper  Italy  recalls  in  a  certain  sense  the  crowned  ten-aces  in 
the  Norwegian  lakes.  Strapff  compares  the  fragments  of  high-le 
in  the  Tessin  valleys  with  those  of  Trondhjem,  and  they  may  be  ol 
origin.  Omboni's  description  of  the  Etsch  glacier  squeezing  its  wa 
Trient  through  a  narrow  valley,  turning  out  of  its  course  into  tl 

*  Nordenskiold,  RedogOrelse,  p.  1007,  fig.  2.  Sudden  eruptions  of  masses  of 
also  known  in  Greenland,  e.  g.  Kleinschmidt,  Meddelelser  om  GrGnland,  II,  p. 
two  fjords  Tangnera  and  Mamak,  which  intersect  the  island  Christian  IV  (la 
are  only  separated  from  each  other  by  a  heap  of  debris  1,000  paces  broad,  probal 
slip ;  Holm,  op.  cit.,  IV,  p.  166. 
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valley,  and  then  uniting  with  the  Sarca  glacier  to  enter  the  fjord,  now 
represented  by  the  lake  of  Garda,  brings  to  mind  many  a  region  in 
Norway  \ 

In  Norway,  it  is  true,  the  ice  ascended  the  valleys  towards  the  moun- 
tains, first,  in  a  broad  mass,  then  along  the  wall  of  glint;  next,  issuing 
with  increased  velocity,  it  deepened  the  valleys  beyond  the  origmal 
portals  of  the  glint,  until  finally  it  reached  the  sea  beyond  the  ancient 
watershed.  The  deep  hollows  of  the  ejde  afibrd  another  feature  peculiar 
to  the  north. 

^  F.  M.  Stapff,  Strandbilder,  Zeitschr.  deutsch.  geol.  Ges.,  1882,  XXXIV,  p.  53 ; 
G.  Omboni,  Delle  antiche  morene  vicine  ad  Arco  nel  Trentino,  Atti  R.  Ist.  Veneto,  1876, 
5*  sen,  n,  pp.  457-467. 
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CHAPTER  IX 
THE  TEMPLE  OF  SERAPIS  NEAR  PUZZUOLI 

The  north-west  coast  of  Italy.  Situation  of  the  temple  of  Serapis  in  the  Fhlegraean 
crater.  The  temple  up  to  the  year  1538.  The  eruption  of  1538.  Excavation  of  the 
temple  and  its  present  condition.  Various  attempts  at  explanation.  Volcanic 
phenomena. 

The  north-west  outline  of  Italy  has  lost  by  recent  silting  up  much 
of  that  variety  which  resulted  from  the  destruction  of  the  folded  moun- 
tains. Some  of  the  ruins  still  rise  from  the  sea  between  Corsica  and  the 
coast  of  the  mainland  as  independent  rocky  islands ;  some,  such  as  Monte 
Argentario,  are  connected  with  the  land  by  recent  sediments,  others  by 
marine  deposits  of  somewhat  greater  age  and  situated  at  a  greater  height ; 
others  again  are  offshoots  from  the  main  trunk  of  the  Apennines  and 
orographically  continuous  with  it. 

Among  the  post-Tertiary  sediments  of  this  region  two  formations  may 
be  readily  distinguished.  A  recent  marine  deposit  forms  horizontal  plains 
of  considerable  extent,  about  15  to  20  meters  above  the  existing  sea, 
but  it  also  occurs  on  the  slopes,  where  it  attains  a  greater  height ;  and  we 
may  assign  to  it  the  marine  panchina  of  Tuscany.  It  is  genercJly  crowded 
with  shells  identical  in  kind  with  those  of  the  existing  sea,  but  it  also 
contains  a  small  number  of  extinct  species,  among  them  Cyprina  idandica, 
one  of  the  northern  immigrants  ^  Lotti  observed  this  panchina  in  the 
island  of  Elba  at  a  height  of  from  20  to  25  meters,  but  in  one  locality  it 
rises  to  about  200  meters;  in  the  island  of  Giglio  its  height  is  15  meters; 
in  the  island  of  Cerboli,  to  the  east  of  Elba,  30  meters ;  on  the  coast  of 
Leghorn,  15  to  25  meters,  but  in  some  places  as  much  as  69  meters,  and 
near  Campiglia  165  meters.  T.  Fuchs  describes  this  deposit  as  forming 
an  extensive  gently  undulating  country  which,  over  the  whole  distance 
from  Orbetello  to  Montalto,  scarcely  ever  rises  above  20  meters.  ^^Ijande 
and  Reusch  mention  its  occurrence  in  Corsica  at  a  height  of  from  jtI^I^ 
20  meters^.  This  marine  formation,  as  is  shown  by  the  various  patches 
still  adherent  to  the  slopes,  corresponds  to  a  fairly  high  level  of  the  strand. 

'  C.  de  StefiEuii,  Sedimenti  sottomarini  dell*  epoca  post  pliocenica  in  Italia ;  Boll.  R. 
Com.  Geol.  Ital.,  1876,  Vll,  pp.  272-289. 

'  B.  Lotti,  Galcari  marini  quaternari  lungo  la  costa  dei  monti  Livomesi,  Boll.  R.  Com. 
Geol.  Ital.,  1885,  2^  ser.,  VI,  pp.  54-56,  253;  T.  Fuchs,  Reisenotizen  aus  Italien,  Verb. 
k.  k.  geol.  Reichs.,  1874,  p.  223 ;  HoUaude,  Geologie  de  la  Corse,  Ann.  sci.  geol.,  1877,  IX, 
p.  103 ;  also  Bull.  Soc.  geol.  de  Fr.,  1875-1876,  3®  ser.,  IV,  pp.  86-91,  and  H.  Reusch,  op. 
cit,  1882,  3«  ser.,  XI,  pp.  53-67. 
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It  is  evidently  of  prehistoric  age,  and,  except  in  those  places  where  con- 
fusion has  been  produced  by  kitchen  middens,  as  in  Corsica,  it  is  always 
sharply  separated  from  the  younger  group,  which  comprises  the  low  plain 
formed  by  the  most  recent  alluvium,  together  with  the  marshes,  lagoons, 
and  spits  of  the  present  day. 

This  last  group  of  deposits,  still  in  process  of  formation,  alone  concerns 
us  now. 

To  gain  a  closer  acquaintance  with  it,  let  us  leave  the  Maremma  rail- 
way at  the  Orbetello  station ;  the  road  to  the  town  runs  along  a  narrow 
tongue  of  land ;  at  the  lower  end  of  this  the  town  is  situated,  and  in  the 
middle  the  Stagno  d'  Orbetello ;  continuing  past  it,  a  connexion,  part  dam, 
part  bridge,  brings  us  finally  to  the  Trias  rauchwacke  which  forms  the  east 
side  of  Monte  Argentario.  This  mountain  mass,  as  has  been  shown  by 
Croochi,  is  an  anticlinal,  trending  in  the  same  direction  as  the  Apennines, 
and  cut  through  by  a  strike  fault  ^.  From  its  wooded  slopes  we  overlook 
the  Stagno.  On  our  left  towards  the  north  it  is  separated  from  the  open 
sea  by  a  long  sand-bar,  the  Tombolo  del  Pino,  which  is  continued  in  a  wide 
gentle  curve  from  Monte  Argentario  to  the  rocky  peak  of  Talamonaccio. 
Another  sand-bar  similar  to  the  first,  but  shorter,  the  Feniglia,  bounds  the 
Stagno  on  the  south ;  it  unites  the  Argentario  with  the  rock  which  bears 
the  Cyclopean  ruins  of  Cosa.  These  narrow  ridges  of  sand  run  like  spun 
threads  from  one  fragment  of  the  Apennines  to  the  other;  no  unequal 
movement  of  the  earth's  crust  is  conceivable,  whether  by  tilting,  arching, 
or  otherwise,  which  would  not  destroy  this  fragile  structure. 
Let  us  first  examine  the  northern  bar. 

Impressed  by  the  uninterrupted  activity  of  the  constructive  processes 
and  the  regularity  of  the  bars  and  spits,  Repetti  long  ago  maintained  that 
neither  elevation  nor  subsidence  of  the  strand  had  occurred  along  this 
stretch  of  coast.  Nor  are  proofs  in  support  of  this  assertion  lacking.  In 
the  north,  where  the  Tombolo  del  Pino  is  narrowest,  before  it  reaches 
the  rock  of  Talamonaccio,  it  is  traversed  for  about  7  kilometers  by  the 
Via  Aurelia  Nova,  which  originally  led  to  Pisa :  this  road  was  continued 
farther  to  the  north  in  the  year  114  b.c.  by  Aemilius  Scaurus,  and  after- 
wards called  the  Via  Aemilia.  Thus  no  important  change  has  occurred 
here  for  twenty  centuries. 

Spits  or  bars  one  after  the  other  engirdle  the  coast  of  Tuscany,  and 
prove  step  by  step  as  we  proceed  to  the  north  the  impossibility  of  any 
unequal  movement  of  the  ground.  In  the  neighbourhood  of  Campiglia 
the  old  Roman  road  again  follows  the  outer  bar  close  to  the  sea.  The 
little  harbour  of  Vada,  the  landing-place  for  Volterra,  owes  its  existence 
to  two  dry  banks  which  project  in  front  of  it,  and  Repetti  refers  to  the  fact 

*  I.  Cocchi,  Note  geologiche  sopra  Cosa,  Orbetello  e  Monte  Aigentario ;  Boll.  B.  Com. 
Geol.  Ital.,  1870, 1,  pp.  277-309. 
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that  these  same  banks  were  seen  by  Rutilius  Nomatianus  when  he  '. 
at  Vada  in  415  or  420  a.d.  > 

Space  would  fail  were  I  to  attempt  to  enumerate  the  various  docu 
chiefly  ecclesiastical  deeds  of  gift,  which  from  the  beginning  of  the 
century  onwards  enable  us  to  establish  the  existence  in  those  earlj 
of  many  of  the  inland  waters  or  salt-pans  which  are  still  to  be  seei 
this  coast.    A  change  of  outline  is  of  course  chiefly  noticeable  in  the 
bourhood  of  the  larger  rivers.    There  the  new  alluvial  land  adva: 
the  sea;   successive  series  of  bars  or  spits  accompany  the  river 
progress,  but  I  cannot  discover  from  the  accounts  before  me  any  mo 
of  the  strand-line,  either  in  a  positive  or  negative  direction.     In  b 
advance  of  the  rivers  does  not  proceed  gradually ;  on  the  contrary 
the  destructive  work  of  the  sea  accomplished  at  the  point  of  the  pre 
alluvial  land  is  fairly  uniform,  except  during  storms,  the  constructiv 
of  the  river  takes  place  chiefly  during  high  water,  and  is  practically  e 
at  low  tide. 

The  thorough-going  investigations  of  Stefani  into  the  historical 
of  the  advance  of  the  Amo  and  the  Serchio  show  that  Pisa  was  8 
meters  distant  from  the  sea  in  Strabo's  time,  that  is,  at  the  be 
of  our  era,  while  at  present  the  distance  amoimts  to  12*86  kilo 
but  no  change  in  the  level  of  the  strand  can  be  deduced  from  this  K 

We  might  raise  the  question  as  to  why  such  a  considerable  gr 
alluvial  land  should  have  taken  place  in  so  many  localities  in  h 
times,  and  often,  indeed,  it  would  seem  as  though  the  process  had  i 
so  extensive  in  earlier  periods ;  but  I  believe  the  cause  is  to  be  f oui 
interference  with  the  course  of  nature,  which  everywhere  acco: 
civilization,  namely,  the  regulation  of  the  rivers  and  the  deforest 
the  hills.  Importance  has  also  been  attached  to  the  fact  that 
of  the  lagoons  parts  of  the  Roman  road  are  submerged,  but  Stefan 
points  out  that  it  is  in  precisely  these  regions  that  the  stone  fouj 
of  the  railway  so  frequently  sink  in :  the  Via  Aurelia  was  also  con 
as  an  agger,  that  is,  a  stone  causeway  ^. 

Let  us  return  to  Monte  Argentario,  and  thence  turn  our  atte 
the  south. 

The  ridge    which   closes   the  Stagno  d*  Orbetello  on   the   soi 

^  E.  Kepetti,  Colpo  d*  occhio  sulle  principali  vicende  fisiche  accadute  prima 
mille  lungo  il  littorale  toscano ;  in  his  Dizionario  geografico  fisico-storico  delk 
8vo,  Firenze,  II,  1835,  pp.  704-711;   V,  1843,  pp.  709-713  et  paesim;  Art. 
pp.  616-618. 

''  G.  de  Stefani,  Geologia  del  Monte  Pisano,  Mem.  R.  Com.  Geol.  Ital., 
pp.  73-87 ;  for  the  legends  connected  with  the  course  of  the  Serchio  tee  his  Ai 
e  Serchio  in  Pisa,  Cosmos,  ed.  G.  Cora,  1884-1885,  VIII,  p.  289  et  seq. 

'  This  is  the  case  in  the  Lago  Scarlino ;  Savi  has  several  times  menti 
example. 
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Feniglia,  rests  at  its  landward  end  against  the  rock  which  bears  the  ruins 
of  Cosa,  the  ancient  city  of  the  Volsci.  On  the  Feniglia,  Cocchi  found  the 
remains  of  the  ancient  Etruscan  road,  which  led  from  Cosa  to  the  port 
of  Hercules  on  the  east  side  of  Monte  Argentario. 

The  rock  of  Cosa  itself  has  been  cut  through  on  its  south-east  side 
by  human  agency,  and  the  breach  is  now  called  the  'Bagno  della  Duchessa ' ; 
but,  as  was  recognized  by  Movizzo  and  Cocchi,  it  is  in  fact  a  channel  made 
in  ancient  times  to  drain  the  marshes  lying  behind  it,  the  Padule  della 
Tagliata  and  the  Lago  di  Burano,  which  are  separated  from  the  sea  by 
a  bar  more  than  20  kilometers  long.  This  bar  is  a  part  of  the  gently 
curved  ridge  of  alluvial  coast-land  which  leads  to  Civita  Vecchia.  The 
marshes  and  the  bar  thus  existed  in  ancient  times,  and  the  strand  then 
stood  at  the  same  level  as  at  present,  for  the  same  breach  still  serves  for 
a  drain,  just  as  it  did  two  thousand  years  ago  ^. 

As  regards  the  land  formed  by  the  Tiber,  the  case  is  the  same  as  that  of 
the  Amo.  When  we  consider  for  how  great  a  distance  this  river  follows 
the  northern  slopes  of  the  great  tuff  cones  which  contain  the  crater  lakes 
(Maare)  of  Bolseno,  Vico,  and  Bracciano,  we  shall  readily  perceive  what 
great  effects  must  follow  the  deforestation  of  this  region,  and  shall  have 
no  difficulty  in  tracing  the  yellow  colour  of  this  river  to  its  source.  Ponzi 
has  collected  all  the  information  bearing  on  the  growth  of  the  delta  since 
the  year  633  b.o.  (when  Ancus  Martins  founded  Ostia  on  one  of  the  alluvial 
spits)  down  to  the  present  day ;  and  from  this  he  concludes  that  an  elevation 
of  the  land  has  taken  place.  I  cannot,  however,  perceive  any  signs  of  this ; 
an  elevation  would  have  made  itself  felt  in  Rome  by  a  deepening  of  the 
river  bed,  but  no  such  deepening  has  occurred  *. 

The  Grotta  della  Capre,  which  occurs  in  the  limestone  of  the  promontory 
of  Circe,  affords  some  very  instructive  evidence.  In  the  cave  we  find,  accord- 
ing to  Issel,  first  a  zone  of  Lithodomus  borings  at  a  height  of  7  to  8  meters, 
and  a  second  zone  at  4  to  5  meters.  The  bottom  of  the  cave  is  filled  with 
stratified  material  which  forms  a  level  floor  at  a  height  of  6  or  6-5  meters, 

^  Cocchi,  Note  sopra  Cosa,  &c.,  pp.  291,  281,  282. 

*  (1)  From  the  foundation  of  Ostia  (633  B.C.)  to  the  addition  by  Tnyan  of  a  resenroir 
to  the  harbour  of  Claudius  (110  a.  d.),  743  years,  advance  950  meters ;  (2)  up  to  the  time 
when  Pins  Y  built  his  tower  (in  1569),  1459  years,  1750  meters ;  (3)  up  to  the  tower  of 
Alexander  VII  (built  1662),  93  years,  550  meters;  up  to  the  tower  of  Clemens  XIV 
(Torre  Clementina,  built  1778),  111  years,  450  meters ;  up  to  the  year  1874,  101  years, 
400  meters ;  Ponzi,  Boll.  Soc.  Qeogr,  Ital.,  1875,  XII,  p.  523 ;  and  by  the  same,  II  Tevere 
ed  il  suo  delta,  Riy.  Maritt.,  1876,  IX,  pp.  1-40,  pi.  This  observer,  who  has  added  so 
connderably  to  our  knowledge  of  Rome,  even  believed  he  could  deduce  from  the  level  of 
the  watergaoge  at  Ripetta  that  the  ground  of  Rome  had  gradually  and  imperceptibly 
risen  to  the  extent  of  0*971  meter  between  the  years  1821  and  1871 ;  but  such  a  con- 
siderable alteration  would  certainly  have  been  accompanied  by  a  deepening  of  the  river 
bed;  Ponsi,  Soi  lavori  del  Tevere  e  sulle  variate  condizioni  del  suolo  romano.  Trans. 
Accad.  Lync.,  1880,  8*  ser.,  IV,  pp.  203-208. 
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and  so  covers  up  the  lower  zone  of  borings.    This  infilling  material 
first  of  a  layer  of  loose  stones,  among  them  pebbles ;  this  rests  on  a  i 
stalagmite,  and  beneath  the  stalagmite  lies  red  earth,  in  which  the  rei 
mammals,  fragments  of  charcoal,  and  implements  of  the  stone  age  are 

Thus  not  only  the  cave  itself  is  older  than  the  stone  age,  but  a 
zones  of  borings — the  lower,  which  lies  at  a  height  of  4  to  5  meter 
the  oldest.  Consequently  this  zone  can  by  no  means  be  r^arded 
temporaneous  with  the  borings  occurring  at  a  similar  height  in  th« 
of  Serapis  at  Puzzuoli,  and  just  as  little  can  we  assign  to  the 
period  the  lithodomus  borings  which  are  foimd  at  many  other  1 
on  this  coasts  or  not  at  least  till  we  possess  further  evidence.  Sui 
are  known  in  the  rock  of  Talamonia,  Monte  Argentario,  and  cap 
A  zone  at  Gaeta  which  attains  a  height  of  5  or  6  meters  has  fit 
been  described,  most  recently  by  Bianchini  ^ 

We  can  now  understand  why  Strabo  complained  of  the  ah 
harbours  at  Volterra  (v.  2.  6),  Circeji  (v.  3.  6),  and  elsewhere  on  t 
coast  of  Italy.  Over  the  whole  of  this  region  we  are  presented  wit 
diate  evidence  that  the  existing  state  of  things  has  remained  un 
for  centuries,  as  in  the  case  of  the  ancient  drain  of  Cosa :  on  tl 
hand,  positive  evidence  of  any  alteration  within  the  historic  p 
wholly  wanting.  The  Roman  remains  which  are  met  with  here  a 
beneath  the  sea  outside  the  alluvial  bars  prove  nothing  in  this 
They  are  foundation  walls  built  into  the  sea  for  baths,  landing-ph 
other  purposea 

The  more  clearly  all  the  indications  in  this  region  witness  to 
continued  persistence  of  existing  conditions,  the  more  important  it 
to  examine  into  the  evidence  presented  by  the  classic  example  of  th 
of  Serapis  at  Puzzuoli. 

1.  The  situation  of  the  temple  at  Serapis,  The  borings  of 
shells,  which  present  themselves  in  a  broad  horizontal  band  on  tl 
of  the  temple  of  Serapis  at  Puzzuoli,  are  adduced  by  numerous  o 
and  in  most  of  our  textbooks,  particularly  in  LyelFs  *  Principles  of  ( 
as  a  proof  of  the  repeated  elevation  and  subsidence  of  the  sol 
Nevertheless,  Antonio  Niccolini,  the  most  competent  authority 
subject,  whose  observations  have  been  made  on  the  spot  and  ext 
many  decades,  has  always  maintained  in  his  numerous  contribi: 
this  question,  that  the  land  has  remained  stationary;  that  wl 
changed  is  the  level  of  the  sea. 

The  importance  which  has  been  given  to  this  case,  the  conck 
which  it  has  led,  and  the  extreme  complexity  of  the  attendant 

^  A.  Issel,  Le  oscillazioni  lente  del  suolo  o  bradisismi,  pp.  205-210. 
'  E.  Bianchini,  Delle  oscillazioni  del  suolo  sulle  cosie  di  Gaeta ;  Riv.  Maritt., 
pp.  389-402. 
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Htances  render  a  detailed  discussion  necessary.  I  shall  first  consider  the 
peculiar  situation  of  the  temple,  and  then  pass  in  review  all  the  accounts 
known  to  me  concerning  the  history  of  the  locality,  both  before  and  after 
the  eruption  of  Monte  Nuovo  in  the  year  1538.  The  last  part  of  the 
chapter  deals  with  the  theoretical  conclusions  which  various  observers 
have  drawn  from  the  facts  ^ 

In  the  Phlegraean  fields  that  radiate  arrangement  of  the  craters  which 
distinguishes  the  Lipari  isles  is  absent.  All  the  Phlegraean  craters  on  the 
mainland,  with  the  exception  of  Monte  di  Procida  and  the  outermost  parts 
of  the  promontory  of  Misena,  belong,  as  Both  rightly  observes,  to  a  single 
large  and  very  flat  conical  mountain  mass  (I,  I,  Plate  II) ;  and  this  is  clearly 
shown  on  the  hypsometric  map  published  by  the  Royal  General  Stafi* 
of  Italy  «. 

In  the  south-east,  on  the  east  side  of  cape  Posilippo,  the  foot  of  this 
great  tuff  cone  is  washed  by  the  sea,  and  consequently  steep ;  the  steep 
slope  is  continued  through  the  Chiaja  and  below  fort  Saint  Elmo  into  the 
city  of  Naples ;  then  it  flattens  out  to  the  north  of  the  city.  Towards  the 
north,  in  the  neighbourhood  of  Marano,  the  outer  border  of  the  volcano 
gradually  disappears  beneath  the  plain ;  towards  the  west  it  is  indicated 
by  the  lagoons  of  Licola  and  Fusaro,  and  from  the  southernmost  pai*t 
of  the  latter,  the  Aqua  morte  now  lying  dry,  a  depression  runs  to  the 
south-east  towards  the  Mare  morte  of  Misena,  which  clearly  separates  the 
Phlegraean  cone  from  Monte  di  Procida.  Indeed,  this  depression,  which 
runs  transversely  across  the  south  part  of  the  promontory  of  Baiae,  is  of  no 
small  importance.  On  both  sides  of  it  the  hills  rise  with  a  gentle  slope ; 
in  the  north-east  the  outer  border  of  the  Phlegraean  cone,  and  in  the  south- 
west the  slopes  of  Monte  di  Procida.  At  the  same  time,  both  hilly  ranges 
break  off  abruptly  on  the  averted  side,  the  first  towards  the  bay  of  Puz- 
zuoli,  the  second  towards  the  open  sea.  Monte  di  Procida,  characterized 
by  the  presence  of  leucitophyre,  must  be  regarded  as  a  fragment  of  the 
neighbouring  island  of  Procida,  as  was  long  ago  shown  by  Arcangelo 
Scacchi  in  his  excellent  description  of  the  neighbourhood  \ 

The  south  part  of  the  Phlegraean  cone  lies  beneath  the  sea.  Its 
diameter  from  north  to  south  cannot  therefore  be  determined,  but  from 

'  In  the  coone  of  many  years  I  have  succeeded  in  collecting  the  original  writings  on 
this  subject,  which  in  many  cases  were  published  as  mere  fly-sheets,  and  are  therefore 
extremely  rare ;  but  I  have  failed  to  obtain  several  of  the  most  important  works  of  a  later 
date.  Some  of  these  have  been  placed  at  my  disposal  by  the  University  Library  of  Pisa, 
and  others  by  the  National  Library  of  Naples,  through  the  kind  intervention  of  Signer 
Commendatore  Meneghini. 

*  J.  Roth,  Der  Vesuv  und  die  Umgebung  von  Neapel,  8vo,  Berlin,  1857,  p.  485 ; 
Ordnance-map,  1 :  50,000,  foglio  No.  61,  parte  orientale,  Napoli. 

'  A.  Scacchi,  Memorie  geologiche  suUa  Campania ;  Rendic.  R.  Ac.  Sci.  Napoli,  1849, 
pp.  64  and  242. 
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east  to  west,  or  from  the  city  of  Naples  to  the  lagoons  of  Comae,  it  i 
18  to  20  kilometers. 

To  the  east  this  cone  is  cut  through  by  the  grotto  of  Posilip] 
species  of  marine  shells,  such  indeed  as  still  exist,  are  found  in  its  \ 
the  north  a  very  large  elliptical  crater  lake  (Maare)  occurs  in  it,  { 
resembling  lake  Albano  in  the  tuff  mass  of  the  Alban  mountains 
similar  dimensions.  This  is  the  Piano  di  Quarto ;  the  level  plam 
it  measures  2*4  to  4*5  kilometers. 

On  the  west  side  a  little  mass  of  trachyte  projects  from  the  flan 
cone  and  forms  the  rock  of  Cumae. 

The  Phlegraean  cone  rises  with  a  gentle  slope  towards  the  inte 
however,  in  a  single  circular  arc  like  the  Somma  of  Vesuvius,  opp 
atrium,  but  in  a  number  of  small  crescentic  subsidences,  following  c 
the  other,  and  separated  by  spurs;  these  have  often  been  take 
many  craters,  although  many  of  them  are  certainly  only  caldroa 
subsidences.  The  result  of  this  arrangement  is  that  the  conical 
rising  gently  towards  the  interior,  attains  its  greatest  height  i 
approaches  most  closely  to  the  centre,  that  is,  on  the  spurs  beti 
subsidences,  namely,  at  the  monastery  of  the  Camaldulas  (455  met 
on  Monte  Barbaro  (329  meters),  which  I  am  also  inclined  to  r 
a  part  of  the  outer  Phl^raean  cone. 

The  inner  fractured  edge  begins  on  the  promontory  of  Posili] 
the  island  of  Nisida,  and  extends  thence  to  the  first  crescentic  sc 
near  Fuorigrotta,  somewhat  north  of  the  western  exit  from  the  groti 
follow  the  two  great  subsidences  of  Soccavo  and  Pianura,  separate 
spur  of  Camaldula ;  here  the  '  Pipemo '  occurs  interbedded  in  the  i 
Beyond  the  caldron  of  Pianura  another  spur  succeeds,  then  we  n 
smaller  crescentic  features,  which  form  the  slopes  of  the  Montagna  S 
further  on  the  caldron  or  crater  of  Campiglione,  the  'Gaurus  inams 
into  the  tuff  cone,  then  comes  the  lake  of  Avemus  and  the  sen 
bay  of  Baiae. 

Thus  the  walls  of  the  subsidences  bound  an  inner  region,  of  m 
longer  axis,  taken  from  Fuorigrotta  to  the  slopes  above  the  Luci 
measures  11*5  kilometers^. 

Within  this  outer  rim,  but  restricted  to  the  eastern  side,  rises 
flat  cone.  This,  starting  from  the  low-lying  foot  of  the  rim, 
Nisida,  gently  ascends  at  Fuorigrotta,  Soccavo,  and  Pianura  to^ 
centre  (II,  II,  PI.  II),  and  abruptly  terminates  along  a  second  j 

^  When  L.  von  Buch  visited  the  Phlegraean  fields  for  the  second  time,  in  th 
of  Humboldt  and  Gaj  Lussac,  he  wrote  :  *  The  Lago  d*  Agnano,  the  Quarto,  Pi 
Soccavo  resemble  volcanic  formations  just  as  little  as  Capo  di  Monte  and 
Mere  hilly  surroundings  are  not  sufficient  to  prove  that  the  enclosed  region  i 
Might  it  not  be  a  subsidence  ?'— Gesammelte  Schriften,  I,  p.  458. 
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edge  of  similar  configuration.  The  greater  part  of  the  second  marginal 
fracture  contributes  to  the  circular  boundary  of  what  was  once  the  lake  of 
Agnano;  towards  the  north  and  south  respectively  a  smaller  subsidence 
occurs,  and  the  spurs  north  and  south  of  the  caldron  of  Agnano  (214  and 
176  meters)  are  again  the  highest  points  of  this  region.  The  southern  spur 
bears  the  appropriate  name  of  Monte  Spina,  and  is  distinguished  by  its 
peculiar  lava.  The  inner  region  is  then  still  more  constricted,  and  the 
distance  from  the  foot  of  Monte  Spina  to  the  slopes  on  the  Lucrine  lake 
does  not  exceed  7  kilometers.  Within  this  space  we  see  first  an  almost 
level  plain  (Ilia,  Ilia,  PI.  II),  corresponding  to  the  field  of  scoriae  in  the 
interior  of  a  great  crater,  and  above  this  rise  the  ash-cones  of  Astroni, 
Senga,  and  Cigliano.    These  have  not  been  active  in  historic  times  (Illb, 

nib,  PI.  II). 

It  is  only  when  we  proceed  further  to  the  south  and  west  that  we  reach 
the  latest  traces  of  eruptive  activity,  the  ash-cones  of  the  Solfatara,  said  to 
have  broken  out  in  the  year  1198 — ^though  there  is  some  doubt  as  to  this — 
and  Monte  Nuovo,  which  was  thrown  up  in  the  year  1538  (IV,  IV,  PL  II). 
Around  these  hills,  from  the  Solfatara  to  Baiae,  hot  springs  abound.  The 
Romans  used  to  hollow  out  grottos  in  the  tuff  and  fit  them  up  as  vapour 
baths. 

In  the  middle  of  this  almost  extinguished  hearth  between  the  Solfatara 
and  Monte  Nuovo,  is  the  Serapis  temple  of  Fuzzuoli.  Its  distance  from  the 
crater  of  the  Solfatara  is  only  1,500  meters,  and  from  the  centre  of  Monte 
Nuovo  2,800  meters. 

If  we  compare  the  caldron-shaped  subsidences  of  the  Phlegraean  crater, 
such  as  lake  A  vemus  or  Lago  d'  Agnano,  with  the  caldron-shaped  subsidences 
of  Eeanakakoi  and  Eilauea-iki,  outside  the  crater  of  Eilauea,  as  described  by 
Dana,  we  shall  find  such  a  degree  of  correspondence  as  to  suggest  a  similar 
mode  of  origin  ^.  The  Avemus  caldron,  measured  at  its  upper  margin,  has 
a  mean  diameter  of  about  1,200  meters;  and  Eilauea-iki  of  about  850 
to  900  meters.  It  is  a  question  whether  the  great  hollows  on  the  slopes 
(Maare),  such  as  the  Piano  di  Quarto,  might  not  have  been  produced  by  an 
invagination  of  the  surface,  consequent  on  a  lateral  reflux  of  the  lavas 
towurds  the  eruptive  centre.  In  any  case  it  may  be  assumed  that  the 
volcanos  of  the  Phlegraean  cone  are  seated  over  a  common  subterranean 
focus.  There  is  in  general  a  striking  resemblance  to  the  cones  of  the  Alban 
mountains,  and  there  also  it  is  conceivable  that  the  great  crater  lakes  of 
Albano,  Nemi,  and  Ariccia  were  formed  solely  by  the  invagination  of  the 
mantle  after  the  escape  of  the  lavas,  particularly  since  Tucci  has  shown 
tiiat  they  are  simple  subsidences,  without  any  signs  of  independent  eruptive 
activity.    I  have  myself,  on  three  several  occasions,  visited  these  '  Maare  * 

*  Dana,  Amer.  Joum.  Sci.,  1887,  XXXIII,  pi.  1  et  paMim. 
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and  examined  their  margins,  but  have  sought  in  vain  for  any  i 
eruptive  action  ^ 

It  is  otherwise  with  the  formation  of  the  caldrons  of  the  ] 
Soccavo,  Agnano,  and  others  resembling  them.  They  were  evide 
walls  of  the  active  throat,  even  if  not  independent  vents  the 
Palmeiri  states  that  in  1779,  and  particularly  in  1872,  Vesuvius,  8 
eruption,  fell  back  into  itself  so  to  speak ;  that  is,  the  walls  of  the 
sank  into  the  evacuated  cavity^.  Thus  great  crescentic  subside] 
smaller  caldrons  may  originate  aroimd  the  crater,  and  likewise  gi 
faults  such  as  those  which  surround  the  crater  of  Kilauea. 

In  the  bay  of  Naples,  as  on  the  whole  coast  of  Italy,  many  i 
negative  movement  are  to  be  seen.  On  mount  Epomeo  in  Ian 
younger  Tertiary  marine  deposits  attain  a  height  of  over  500  me 
is  worthy  of  note  that  as  early  as  1849  Scaochi  propounded  the 
whether  Epomeo  had  been  elevated  along  with  these  deposits,  or 
the  whole  surrounding  coimtiy  had  subsided,  and  he  was  inclined 
the  latter  alternative.  On  Capri  zones  of  borings  at  a  high  level  h 
been  known.  At  Anacapri,  Walther  observed  strand-lines  with  Lit 
holes  at  a  height  of  about  200  meters ;  these  are,  perhaps,  connec 
the  zones  of  Lithodomus  borings,  described  by  Verri  emd  Meli,  abo 
at  heights  of  276  and  268  meters,  and  assigned  with  great  probi 
the  same  age  as  the  yellow  marine  sand  of  Monte  Mario  near  Bom 

Nearer  the  sea-level  such  indications  are  not  rare.  To  the  so 
of  Ischia,  near  the  Punta  deir  Imperatore,  a  Imrd  breccia  of  pui 
trachyte,  containing  marine  shells,  rises  to  + 10  meters,  resting  up( 
of  trachyte ;  they  have  been  described  by  Scacchi.  At  a  height  of  + 
and  less,  Walther  noticed  shells  of  Lithodomus  and  strand-lines  on 
of  the  Faraglioni  of  Capri.  At  the  foot  of  Monte  Olibano  (a 
trachyte  which  proceeds  from  the  Solfatara  towards  the  sea)  the  i 
observations  were  made  in  the  year  1872.  Lowest  of  all,  on  the  ri, 
lies  a  coarsely  stratified  mass  of  yellowish  white  blocks  of  pun 
an  irregular  eroded  surface  (a,  Fig.  39) ;  upon  this,  mantling  ove 
irregularities,  follows  stratified  brown  marine  sand,  containing  c: 
shells — it  extends  to  a  height  of  about +12  meters  (b);  this  is  8 
by  a  fairly  thick  layer  of  large  fragments  of  trachyte  and  scor 

^  P.  di  Tucci,  Saggio  di  studi  geologici  sui  peperini  del  Lazio  ;  Mem.  Ac< 
1879,  Anno  276,  ser.  3,  vol.  IV,  pp.  357-392. 

'  Palmieri,  Annali  vesuviani,  1874,  2*  sen,  I,  p.  55. 

^  J.  Walther,  Studien  zur  Geologic  des  Golfes  von  Neapel,  Zeitschr.  deu 
Ges.,  1886,  XXXVIII,  p.  304 ;  R.  Meli,  Sulla  zona  di  fori  lasciati  dai  Litodomi 
nella  calcaria  giurese  di  FaraSabina,  Boll.  R.  Com.  Geol.  Ital.,  1882,  2*  ser.,  II 
155.  The  characters  of  these  zones  of  boreholes  along  the  Italian  coast  a 
in  a  suggestive  manner  by  A.  Issel,  Le  oscillazioni  lente  del  suolo  o  bradi 
Genova,  1883,  pp.  99-101.    Older  observations  in  Boettger,  Mittelmeer,  p.  129. 
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with  an  intervening  red  layer  (d) ;  upon  e  reats  the  trachyte  stream  (/) 
from  the  Solfatara,  and  above  thin  lie  ashes,  pumice,  and  some  scoriae  (g), 
possibly  the  products  of  the  eruption  of  the  Solfatara,  already  referred  to 
as  said  to  have  taken  place  in  1198  a.d.>.  In  the  trachyte  a  Roman  aque- 
duct is  cut;  consequently  the  shelly  sand  is  much  older  than  the  temple 
of  Serapis,  but  at  the  time  of  its  deposition  the  second  Phlegraean  cone 
(II,  PI.  II)  had  already  collapsed. 

Scacchi  describes  as  younger  than  the  shell  bed  of  the  Punta  dell' 
Imperatore  in  Iscbia,  an  accumulation  of  sand,  pumice,  and  sheila  still 
retaining  their  colour,  which  extends  up  to  a  height  of  about+20  meters. 
It  is  visible  on  the  low  cliff  (evidently  an  ancient  sea-margin)  between 


Pnzzucdi   and  Monte    Nuovo,  almost  at  the  same  height  as   on   lachia. 
Storms  or  seismic  waves  may  have  helped  to  raise  these  beds. 

These  examples  of  negative  movement,  which  might  be  multiplied, 
alt  appear,  with  the  exception  perhaps  of  the  last,  to  belong  to  the  pre- 
historic period,  and  must  be  included  among  those  abundant  vestiges  of 
bigh-level  shore-lines  which  occur  in  the  basin  of  the  Mediterranean,  and 
may  be  seen  at  hundreds  of  places  between  Gibraltar  and  the  isthmus  of 
Suez.  They  most  be  carefully  distinguished  from  the  oscillations  of  Puz- 
zuoli,  which  belong  to  the  historic  period,  and  are  of  so  wide  an  amplitude 
that  if  the  movements  had  been  general  and  uniform  they  would  have  left 

I  Gaucai^  hu  ^ven  a  drawing  of  this  place  in  Atti  R.  Ac.  Sci.  Napoli,  1863, 1,  No.  7. 
fig.  8,  and  Q.  Ton  Rath  describes  the  ihell  bedi  io  his  Qeognofttisch-mioeralogiachfr 
Fragmenta  aua  Italian,  Zeitschr,  deutsch.  geol.  Oea.,  1866,  XVIII,  p.  G14.  The  lelation 
of  Monte  Olibano  to  the  Sol&tara  is  explained  bj  the  section  in  Scacohi,  Campania, 
pi.  L  Scacchi  doubts  the  eruption  of  the  Solbtara  in  1198,  because  the  crater  in 
Stiabo*!  time  appean  to  hare  been  precisely  the  same  as  at  the  prctent  day. 
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obvious  signs  of  their  existence  in  neighbouring  localities,  and  woul 
found  a  place  in  popular  tradition ;  but  this  is  not  the  case. 

It  is  true  that  in  the  lower  parts  of  the  city  of  Naples  som 
of  positive  movement  since  the  Roman  period  may  seem  to  exist; 
evidence  afforded    by  baths  close  to   tiie  seashore,  in  yielding  : 
ground,  covered  by  the  rubbish  of  the  town,  is  of  little  value.    It 
when  we  enter  the  Phlegraean  crater  that  we  discover  conclusive  { 
oscillations  within  the  last  two  thousand  years.     We  may  find  it 
first  place  on  Nisida.     Niocolini  states  that  the  mole  of  Nisida,  1 
so-called  '  bridge  of  Caligula '  at  Puzzuoli,  rests  partly  on  ancient  pi 
that  these  were  built  when  the  shore-line  lay  at  a  lower  level ; 
also  that  a  channel  interrupted  by  the  adjacent  cliff  of  the  L 
Vecchio  was  originally  a  connecting  path,  and  has  now  become  a 
of  the  sea  K 

Within  the  bay  there  ckre  many  places  where  Roman  constructi< 
be  seen,  which  extend  down  to  the  water's  edge  and  even  beneath 
long  row  of  stone  piers  which  proceeds  from  Puzzuoli  into  the  se 
bridge  of  Caligula — doubtless  part  of  an  ancient  harbour — showe 
that  the  shore  is  now  higher  than  at  the  time  the  piers  were  ere 
the  top  of  the  stone  foundation  and  the  base  of  the  brickwork,  as  w< 
springers  of   the  arches,  ckre  under  water;  on  the  other  hand, 
the  piers  are  covered  with  Serpulae,  and  bored  by  Lithodomus  to 
of  about  +  8  meters.    Here,  therefore,  true  oscillation  has  taken  place 
first  positive  and  then  neff^ve  movement ;  but  it  remains  doubtful 
the  existing  submergence  of  the  lower  part  of  the  arches  is  the  res 
uncompleted  negative  phase,  or  the  beginning  of  a  positive  phase. 

These  colunms  are  only  about  700  meters  distant  from  the  t< 
Serapis. 

The  remains  of  the  temple  are  situated  just  outside  the  town  of  '. 
towards  the  north-north-west,  on  a  low  and  narrow  plain,  the  lo 
which  stretches  along  the  coast  as  far  as  Monte  Nuovo,  and  boi 
low  cliff  already  mentioned.  The  pavement  of  the  temple  of  Sei 
somewhat  below  the  existing  sea-level.  Three  great  columns  st 
erect ;  the  Lithodomus  borings  in  these  extend  up  to  about  +5.) 
On  the  island  side,  close  behind  the  temple,  is  the  hot  sprinj 
Cantarelle. 

If  we  proceed  from  the  bay  of  Puzzuoli  past  Baiae  towards  the 
reach  the  coast  of  the  Tyrrhenian  sea.  The  shore  is  here  formed 
dunes  stretching  in  a  long  and  uniform  curve  from  the  west  side  of 
montory  of  Misena  to  Gaeta,  and  continued  thence  further  nor 

^  A.  Niccolini,  Tavola  metrica  cronologica  delle  varie  altezze  tracciate  dalla 
del  mare  fra  la  costa  di  Amalfi  ed  11  promontorio  di  Gaeta  nel  corso  di  xix 
Napoli,  1839,  p.  26.  note  3. 
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tbe  edge  of  the  marshes.  This  long  'lido'  separates  several  sheets  of 
water  from  the  sea — the  Lago  del  Fusaro,  or  the  lake  of  Acheron,  the  Lago 
di  licola,  Lago  di  Patria,  and  others.  Strabo  describes  lake  Acheron  as  a 
'  muddy  expansion  of  the  sea ' ;  about  forty  years  later  Seneca  had  himself 
carried  over  the  lido  of  Cumae  to  the  country  house  of  Servilius  Vacca, 
situated  near  the  southern  end  of  lake  Acheron :  '  Like  a  narrow  road/  sajrs 
Seneca, '  the  path  is  shut  in  between  the  lake  and  the  sea.'  Niccolini  con- 
cluded, from  the  different  description  given  by  Strabo  and  Seneca,  that  the 
lido  must  have  arisen  in  the  brief  period  of  four  decades  ^.  This  conclusion 
is  not  justified  by  the  texts ;  these  long  dams,  constructed  by  sea  and 
storms  in  the  course  of  thousands  of  years,  are  only  a  continuation  of  the 
same  alluvial  strip  which  we  have  already  followed  from  the  mouth  of  the 
Amo  to  Gaeta.  They  show  that  unequal  movements  of  extensive  tracts  of 
solid  land  have  not  occurred  in  this  region  for  a  very  long  time. 

2.  The  temple  of  Serapia  up  to  the  year  1588.  Let  us  now  return 
across  the  promontory  of  Misena. 

The  whole  littoral  region,  from  this  promontory  to  that  of  Athene 
(Sorrento),  is  called  by  Strabo  6  Kparqp.  In  the  restricted  sense  which 
geologists  now  attach  to  this  term,  the  bay  of  Puzzuoli  is,  as  we  have 
seen,  in  truth  a  crater.  It  was  in  the  flowery  fields  of  Puteoli,  Baiae, 
and  Misenum  that,  under  the  empire,  at  the  expense  of  a  subjugated  world, 
the  most  sumptuous  festivals  were  celebrated,  and  'the  dance  in  the 
crater '  was  here,  within  the  fractured  margin  of  the  Phlegraean  cone,  not 
a  metaphor  but  a  fact.  Here  Cicero  wrote  his  letters ;  here  Octavius  cut 
through  the  ancient  barrier  of  the  Lucrine  lake,  led  the  sea  into  the  crater 
of  Avemus,  constructed  locks,  and  created  Portus  Julius;  here,  in  the 
heart  of  the  volcano,  between  Puteoli  and  Baiae,  Nero  attempted  to  drown 
his  mother  in  a  treacherous  boat ;  and  here  the  elder  Pliny  embarked  in 
A.D.  79,  as  he  hastened  on  his  way  to  observe  the  great  eruption  of  Vesuvius. 
These  places  are  therefore  very  frequently  mentioned  by  Roman  writers, 
but  statements  relating  to  the  character  and  position  of  the  strand  are  rare  \ 

Almost  the  only  important  account  of  antiquity  is  contained  in  the 
Puteolanic  Lex  parietis  faci/undi  of  the  year  105  b.  o.^.  This  law  deals 
with  the  repair  of  a  wall  on  the  other  side  of  the  road  beyond  the  temple 
of  Serapis  towards  the  sea,  and  is  so  detailed  as  to  leave  scarcely  any  doubt 
that  at  that  time  a  road  lay  between  the  temple  and  the  strand.    This 

'  A.  Niccolini,  Descrizione  della  gran  Terma  Puteolana  volgarmente  detta  Tempio  di 
Serapide,  4to,  Napoli,  1845,  parte  geologica,  p.  13  et  seq. 

'  e.g.  Strabo,  y;  Pliny,  Hist  Nat  xzxi.  2;  SuetonioB,  Aug.  xvi;  Dio,  xlviii.  50; 
Horace,  Odes,  ii  17 ;  Veigil,  Georgics,  ii  161  et  passim ;  also  E.  Schultess,  Die 
Nordkfiste  des  Golfes  von  Neapel  im  Alterthum,  Mitth.  geogr.  Ges.  Hamburg,  1885-1886, 
pp.  17a-198. 

*  Quoted  in  lul.  Caes.  Capacio,  Puteolana  Historia,  4to,  Neapoli,  MDCIIII,  fol.  21-23 ; 
Niccolini,  Gran  Terma,  pi.  et  passim. 
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would  show  that  the  strand-line  then  lay  oonsideraUy  lower  '• 
present.    The  question,  however,  arises  whether  the  great  edifice,  i 
as  the  existing  inscriptions  tell  us,  with  costly  marbles,  at  the  c< 
first  of  Septimius  Severus  and  then  of  Alexander  SevemSy  the 
which  are  now  before  us,  is  really  the  same  as  that  referred  to  in 
]xirieti8 /ixduiulit  framed  more  than  three  centuries  before  thes< 
ments.     We  shall  in  fact  learn  that  beneath  the  pavement  of  tl 
temple  which  bears  these  inscriptions,  a  more  deeply-buried  p 
belonging  to  an  older  structure  has  been  found.    Pausanias  (160  to  .' 
viiL  7.  8)  says  that  near  Dikaearcheia  (Puteoli)  hot  springs  well 
of  the  sea,  and  that  an  artificial  island  was  created  by  means 
in  order  to  capture  them  for  baths  ^. 

The  noble  and  spacious  edifice,  with  the  remains  of  which  we 
occupied,  was,  however,  certainly  not  built  below  the  surface  of 
It  was  connected  with  a  hot  spring;  this  roee.  as  we  have  seei 
inland  side  behind  the  temple,  it  then  flowed  through  and  sup] 
baths  within ;  in  later  centuries  the  spring  attained  a  great  re 
under  the  name  of  le  CaidarMe ;  it  still  exists  in  its  ancient  plac 
the  temple. 

Then  followed  a  period  of  decline  and  devastation :  for  many 

we  have  no  information  whatever.    The  first  reference  I  am  abl 

was  discovered  through  the  kind  assistance  of  Professor  von  1 

and  the  studies  of  Dr.  A«  Goldmann.    We  find  indeed  among  the  d< 

of  the  sixteenth  century  relating  to  the  hot  springs  of  Puzzuoli 

of  a  remarkable  strophe  which  refers  to  the  Cantarelle,  and 

follows : — 

Inter  aquas  pelagi  fervens  aqua  manat :  et  ipsa 

Ne  iiuat  in  }K)ntum  sectile  claudit  opus. 
Cum  mare  fremescit:  locus  oppugnatur  ab  undis. 

Thus  when  these  lines  were  written  the  sea  extended  inlanc 
the  temple,  and  a  wall  had  been  built  to  protect  the  spring.  Tl 
are  part  of  a  long  panegyric  on  the  baths  of  Puteoli  which  was 
to  an  ancient  poet,  said  to  be  Eustacius  de  Matera.  Now  Goldmar 
by  an  ingenious  analysis  of  the  epilogue  and  by  various  comparis 
the  true  name  of  the  poet  was  Petrus  de  Ebulo,  that  the  w 
dedicated  to  Frederick  II,  and  composed  in  the  years  1212  to  1220 

We  must  consequently  conclude  that  a  higher  level  of  th 
existed  here  as  early  as  the  beginning  of  the  thirteenth  century. 

^  Qualis  in  Euboico  Baiarum  litore  quondam 
Saxea  pila  cadit ;  magnis  quam  molibus  ante 
Constructam  ponto  iaciunt;  sic  ilia  ruinam 
Prona  trahit,  penitusque  vadis  inlisa  recumbit ; 
Miscent  se  maria,  et  nigrae  adtolluntur  arenae. 

Verg.,  Aen.  ix.  710-7: 
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Again  there  is  an  absence  of  references,  and  this  continues  until  the 
middle  of  the  fifteenth  century. 

Jorio,  in  his  detailed  treatise  on  the  temple  of  Serapis,  cites  three  legal 
documents  of  the  years  1441,  1491,  and  1524,  which  relate  to  transfers  of 
property  in  the  now-abandoned  cliff,  and  in  these  the  estates  are  described 
as  iuxta  litus  maris  or  iuxta  ripara.  At  that  time,  then,  as  in  the 
thirteenth  century,  the  Starza  lay  under  water  \ 

Three  columns  of  the  temple  of  Serapis  were  standing  then  as  at 
present,  but  they  were  buried  to  a  great  depth  in  the  d^ris  which  covered 
the  fallen  temple,  and  the  exposed  upper  half  of  the  shafts  was  probably 
washed  by  the  waves.  Villano  consequently  writes  of  the  Cantarelle 
spring  in  the  year  1526 :  '  e  prima  nello  lito  che  da  Puzolo  ua  a  Trepergole 
che  sta  alo  lito  de  lo  mare  done  stanno  le  colonne  '.' 

The  sea,  however,  must  have  extended  beyond  the  temple,  otherwise 
Petrus  Aretinus  would  not  have  reproduced  in  1507  the  ancient  verses 
referring  to  the  Cantarelle  in  his  little  book  on  the  sights  of  Puteoli  \ 

Thus  it  is  not  correct  to  say  that  there  is  a  complete  absence  of  written 
testimony  as  to  a  higher  level  of  the  strand-line  ;  on  the  contrary,  we  can 
hardly  doubt  that  during  the  thirteenth  century  and  up  to  the  beginning 
of  the  sixteenth  the  Starza  was  submerged  as  far  as  the  hot  spring  behind 
the  temple  of  Serapis.  At  the  same  time  it  is  highly  probable  that  the 
movement  took  place  slowly  in  the  course  of  preceding  centuries ;  at  least 
no  writer  of  that  time,  so  far  as  I  am  aware,  mentions  this  change. 

On  the  other  hand,  Jorio,  quoting  a  document  preserved  in  the 
episcopal  archives  of  Puzzuoli,  mentions  that  on  October  6,  1508,  the  king 
and  queen  gave  to  the  commune  of  Puzzuoli  a  plot  of  ground — *che  va 
seccando  U  mare  intomo  la  terra';  and  in  like  manner  King  Ferdinand 
gave  to  the  town  on  May  23,  1511,  'quoddam  Demaniale  territorium  mare 
desiccatum  circa  praefatam  civitatem  Puteolorum  in  continentiis  eiusdem 
situatum.'  From  these  expressions  Niccolini  concludes  that  the  negative 
movement  began  in  the  sixteenth  century;  but  this  conclusion  possibly 
rests  on  an  error.  Cumae,  several  times  destroyed  in  the  Middle  Ages, 
sank  at  length  into  a  resort  for  thieves,  so  that  finally,  in  1207,  as  it 

^  A.  de  Jorio,  Ricerche  sul  tempio  di  Serapide  in  Puzzuoli  (estratte  dei  Monumenti 
inediii  di  antichita  e  belle  arti,  Napoli,  1820,  fasc.  1  e  2),  4io,  pp.  53,  54. 

*  J.  Villano,  Croniche  de  la  incljta  citta  di  Napoli  emendatissime,  con  li  Bagni  de 
Posolo  e  Iflchia;  novamente  ristampaie  (ed.  Leonard.  Astrinus,  M.D.XXYI).  Stam^ate 
in  Napoli  per  el  medesimo  M.  Euangelista,  fol.  Ixxvii,  b. 

•  LIBBLLVS  DE  MIRABILIBVS  CIVITATIS  PNTrEOLORVM,  &c.,  Francisci 
ArelinL  Hoc  opusculQ  p  eunde  Augustinu  Tjfemu  cursim  reuisum  &  auctQ ;  ImiireasQ 
ett  Neapoli  a  Sigismundo  Mair  AlamSno  Regnanie  Ferdinando  Aragoneo  Rege«  Prima 
loniL  Anno  a  dnica  natiuitate  M.D.VII,  fol.  7,  6.  In  this  copy,  the  earliest  known  to 
me,  fertile  appears  instead  of  the  correct  reading  sectile ;  e.  g.  F.  Lombardo,  SYNO^I2 
EGRVM,  QVAE  De  Balneis  aliisq.  miiaculis  Puteol.  scripta  sunt ;  Venet.  MDLXVl, 
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appears,  the  Neapolitans  resolved  to  raze  the  place  to  the  ground 
was  done,  and  from  that  time  the  civitas  Puteolana  extended  over  the 
tated  region  of  Cumae  as  far  as  the  west  coast  This  explains,  for  e} 
the  expression  occurring  in  a  diploma  of  Frederick's  of  the  yeai 
'  In  toto  littore,  seu  maritima  dictae  Civitatis  Puteolorum,  usque  ad 
Patriae.'  The  flumen  Patriae,  however,  lies  far  beyond  the  I 
Licola  towards  the  north.  Thus  the  deeds  of  1508  and  1611  refe 
probably,  not  to  regions  within  the  bay  of  Puzzuoli,  but  to  th< 
silted-up  stretches  of  the  west  coast  in  the  ancient  region  of  Cumae, 
grounds  for  the  hypothesis  of  a  negative  movement  at  this  time  diss 

8.  The  eruption  of  1538.    We  have  now  arrived  at  a  critical 
that  is,  the  formation  of  Monte  Nuovo,  which  occurred  in  the  la 
of  the  month  of  September,  1588.     We  possess  four  contempo 
accounts  of  this  event. 

The  first  of  these    is  by  the  distinguished  physician   and 
science,  Si/nume  PorziOy  who  then  occupied  the  chair  of  philosoph; 
University  of  Naples.    It  appears  to  have  been  written  at  the  a 
of  the  Viceroy,  Peter  of  Toledo,  with  the  design  of  dispelling,  by  a 
representation  of  the  occurrence  as  a  natural  event,  the  illusions 
among  the  people  by  imagination  and  superstition  K 

The  second  account  was  written  by  Marco  Antonio  deUi  Falconi 
the  service  of  Bernardo  Tasso,  father  of  the  great  and  unhappy  po< 
court  of  Salerno.  Tasso  had  passed  through  Rome  without  visiti 
Paul  III,  and  now  sent  Falconi  with  a  letter  of  apology.  On  his 
the  latter  witnessed  the  eruption  \ 

The  third  account  is  contained  in  a  letter  of  Franceeco  dd  N 
was  then  representing  the  court  of  Tuscany  at  Naples  *. 

^  On  this  point  the  best  information  is  to  be  found  in  a  paper  printed  in 
1775  :  Dissertazione  corografico-istorica  delle  due  antiche  distrutte  citta  Misen 
Per  lo  rischiarimento  delle  ragioni  del  Regie  Fisco  contra  la  University  di  Pus 
p.  182,  &c. 

*  DB  CONFLAGRATIONE  Agri  Puteolani,  Simonis  Portii,  illustr.  D.  Petro  T 
&c.  (The  first  edition  appeared  at  Naples,  without  indication  of  date  or  place  o 
in  1538 ;  the  second  at  Florence  in  1551.)  Edited  by  L.  Giustiniani,  I  tre  rarissiu 
di  Simone  Porzio,  di  Girol.  Borgia  e  di  Marcant.  delli  Falconi,  scritti  in  o< 
celebr.  eruzione  ayven.  in  Puzzuoli  nell'  ann.  1538,  8vo,  Napoli,  1817,  pp.  43 
conclusion  runs:  'Haec  igitur  mi  Maecenas  scribenda  duxi,  ne  Harioli,  soi 
interpretes,  ac  vulgares  Astrologi  alio  tragant,  quae  natura  duce  proueniunt* 

*  DELL'  INCENDIO  DI  POZZUOLO,  MARCO  ANTONIO  DELLI  Falconi  f 
Sig.  Marchesa  della  Padula  nel  MDXXXVIII.  Si  yenne  per  Marco  Antoni 
alii  Fern  Vecchi ;  also  Giustiniani,  pp.  285-330. 

*  Lettera  di  Francesco  del  Nero  a  Niccol6  del  Benino,  sul  terremoto  di  Po: 
quale  ebbe  origine  la  Montagna  Nuova,  nel  1538;  printed  from  the  man 
Archivio  storico  ital.,  1846,  IX,  pp.  93-96 ;  translated  by  Haagen  von  Mathiei 
Jahrb.  Min.,  1846,  pp.  702-707,  and  by  M.  Neumayr,  Der  Bericht  des  Francesc 
tiber  die  Bildung  des  Monte  Nuovo  bei  Neapel,  op.  cit,  1888,  II,  pp.  45-51. 
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The  fourth  and  last  occurs  in  a  long  poem  by  Girdamo  Borgia,  poet, 
soldier,  and  afterwards  Bishop  of  Massalubrense,  who  made  use  of  the 
opportunity  to  dedicate  it  to  Pope  Paul  III.  The  poem  gives  a  vivid 
picture,  but  is  scarcely  available  for  our  purposes '. 

It  is  not  clear  at  what  time  Simone  Porzio  visited  the  scene  of  the 
occurrence,  but  his  description  of  the  fugitives  on  the  road  leads  us  to 
suppose  that  he  hurried  thither  in  the  early  morning  after  the  eruption 
had  taken  place,  which  happened  between  one  and  two  o'clock.  We  know 
that  this  was  so  in  the  case  of  Falconi,  and  he  mentions  that  the  viceroy 
also  hastened  to  the  spot  with  a  niunerous  following.  On  the  fourth  day, 
when  the  eruption  was  renewed,  Falconi  was  on  board  ship  in  the  bay 
of  Puzzuoli.  As  for  del  Nero,  he  must  have  arrived  at  Puzzuoli  some 
days  later. 

From  these  accounts  we  may  educe  the  following : — 

As  early  as  1488  (1458  ?)  a  violent  earthquake  occun*ed  in  the  region 
and  caused  a  great  loss  of  life.  At  the  beginning  of  the  sixteenth  century 
repeated  shocks  were  felt.  In  the  years  1537  and  1538  they  became 
increasingly  frequent  and  violent.  On  September  27  and  28,  1588,  they 
s  ucceeded  each  other  without  cessation.  Then,  says  Porzio,  the  sea  retreated 
about  200  feet,  and  fresh-water  springs  burst  out.  The  strip  of  land  which 
li  es  at  the  foot  of  Monte  Barbaro  and  extends  to  lake  Avemus  appeared  to 
rise  and  assimied  the  form  of  a  rapidly  increasing  mountain.  On  the 
following  night  this  pile  of  earth  {terrae  cumulus)  began  to  cast  forth  as 
from  a  gaping  mouth  great  volumes  of  fire,  pumice,  stones,  and  ashes,  with 
a  great  noise,  so  that  the  surrounding  country  was  covered  up  far  and 
wide.  Falconi  says  nothing  of  an  elevation  of  the  ground.  The  sea,  he 
relates,  retired ;  hot  and  cold  springs  were  revealed ;  flames  appeared  on 
the  Sudatojo  (on  the  sea-shore),  and  spread  towards  Tripergole ;  there  they 
stopped  in  a  little  valley  Ijring  behind  Monte  Barbaro  and  the  hill  called 
*  del  pericolo ' ;  through  this  little  valley  lay  the  way  to  lake  Avemus ;  near 
the  baths  the  fire  attained  a  violence  so  great  that  in  the  same  night  the 
earth  opened  up  and  ejected  such  quantities  of  ash  and  pumice  mixed  with 
water  that  all  the  country  was  covered  by  it.  Heavy  black  clouds  and 
others  dazzling  white  burst  forth.  The  eruption  continued  for  two  days 
and  two  nights,  and  thus  Monte  Nuovo  arose  on  the  site  of  Tripergole. 
The  sea  covered  with  pumice  resembled  a  ploughed  field,  and  the  ashes 
were  carried  as  far  as  Calabria.  On  Thursday,  October  3,  the  eruption 
was  renewed;  on  the  4th  it  was  possible  to  ascend  the  new  mountain 
and  look  down  into  the  crater,  but  on  Sunday,  October  6,  many  lives  were 

»  INCENDIVM  AD  AVERNVM  LACVM  HORRIBILE  PRIDIE  CAL.  OCTOB. 
M.D.XXXVIII.  NOCTE INTEMPESTA  EXORTVM.— AD  PAVLVM  III.  PONT.  Opt.  Max. 
Hieronymi  Borgii  Conflagratio  Averni  Horrenda.— Neap.  Idib.  Octob.  M.D.XXXVIII ; 
alto  Giustiniaiii,  pp.  288,  255. 
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aso 

lost  ill  one  of  these  rash  enterprises,  owing  to  the  sudden  oathniHt  of 
a  fresli  eruption. 

Mention   has   already   }ieea   made    of   the   fact    that   the    sea    retired 

two  hiindrt'fl  feet.     '  First  tlwf  sea  retiroil,'  says  Porzio,  'evidently  owing  to 
no  other  cause  than  this,  thiit  t)ie  vapoui-s  Hfeking  an  exit  dried  up  thi; 


•  OTTO  IL  MONTB   «OVO  STA  1 1  C  ASTELLO  ET  ALTRI 

EDIFICI  DI  TRBPERGOLB  IL  LAGO  AVERNO 

STADIETROAL    PREDETTO  MOKTB    fiT 

PARTE   DEL   HONTICELLO   DEL  PE 

BLICOLO   B   RIMASTA    SOTTO    LB 

FALDB  DBL  MEDESMO 

Tia,  40.  Thf  WJumic  Erupliun  iJMa«.le  Kuura  and  Ihe  thnn  nbanilom-d  by  Ike  neii,  r.'opieil  from  tdv 
figure  in  '  Dell'  inaeudio  dt  Fozzuolu,  HRron  Antonio  delli  FalBoni  all'  Illustrissiiiiii  Unrctiesi 
della  PfldiilH  nel  MDXXXVIII.' 

earth,  which,  thus  rendered  thii-sty  as  it  weiv,  nuekei.!  up  the  \vati!r  thi-ougti 
its  fissures ;  and  so  it  hap|)ened  that  a  part  of  tlie  cartli  which  was  formerly 
suljitiergwl  by  the  sea  became  dry  land,  and  the  height  of  the  shore  was 
increased  by  ashes  and  other  e't-edamenta'  According  to  this  account 
there  woB  no  elevation,  but  emergence  and  the  accumulation  of  ejected 
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material  on  the  newly  exposed  sea-floor.  According  to  Falconi,  however, 
the  emergence  occurred  ten  hours  before  the  eruption ;  and  that  a  very  per- 
ceptible and  persistent  negative  displacement  of  the  strand  actually  occurred 
is  shown  most  plainly  by  a  rough  woodcut  which  accompanied  Falconi's 
account.  On  this  (Fig.  40)  will  be  seen  below  Monte  Nuovo  and  extending 
towards  Puzzuoli,  exactly  on  the  site  of  the  cliff  behind  the  Starza,  the 
words  Termine  del  Mare  de  prima,  and  a  ship  stranded  on  dry  land. 
Only  the  extreme  rarity  of  this  work,  which  is  scarcely  known  except  in 
the  reprint  of  Giustiniani  in  1817,  without  illustrations,  has  caused  this 
remarkable  woodcut  to  fall  into  oblivion  ^ 

This  disturbance  of  the  coast-line  must  have  made  a  deep  impression 
on  thoughtful  minds.  F.  Loflredo,  Marquis  of  Trevico,  took  up  his  residence 
in  Puzzuoli  in  the  winter  of  1569,  for  the  sake  of  his  health,  and  devoted  his 
enforced  leisure  to  writing  an  account  of  the  town.  He  describes  the  ruins, 
and  mentions  the  ancient  shore  of  the  Starza,  close  to  which,  as  he  says, 
'  the  sea  still  extended  fifty  years  ago.'  The  Greeks,,  he  thought,  were  not 
driven  from  Palaeopolis,  the  town  which  preceded  Naples,  by  the  ascent 
of  the  sea;  at  Baiae  the  sea  then  stood  higher  than  at  the  time  of  the 
Romans,  since  ruins  might  be  seen  beneath  the  water.  Further,  Loffredo 
mentions  three  columns  standing  erect  side  by  side  behind  the  garden  of 
(Seronimo  di  Sangro,  which  are  supposed  to  have  belonged  to  the  portico 
of  the  temple  of  Neptune,  and  to  have  fallen  down  from  above,  'since 
there  is  no  trace  of  an  edifice  worthy  of  them  anywhere  around.'  Thus 
the  temple  was  completely  buried  up  in  1569,  and  of  Cantarelle,  the  spring 
behind,  Lofiredo  makes  no  mention  ^. 

The  Cantarelle  was  completely  choked  up  by  the  eruption  of  1538. 
Amidst  the  general  terror  and  subsequent  dejection  no  steps  were  taken  to 
protect  the  famous  spring  or  to  rediscover  it,  a  fact  lamented  by  Capacio 
in  1604.  Many  years  later,  in  1738,  it  was  again  brought  to  light  by 
accident  in  digging  a  foundation  deep  below  the  ground  ^. 

4.  Excavation  of  the  tevajole  and  its  lyreseTVt  date.  In  1750,  when  fine 
marble  was  sought  for  to  adorn  the  new  buildings  in  Caaerta,  it  was  resolved 
to  open  up  the  pile  of  debris  near  the  three  columns  and  to  lay  bare  the  temple. 
In  the  following  account  I  shall  trust  mainly  to  the  statements  of  Jorio. 

1  Giustiniani  mentions  a  woodcut,  apparently  similar  to  that  in  the  first  edition  of 
Porsio,  which  appeared  without  any  indication  of  where  it  was  printed  ;  this  I  have  not 
seen ;  strange  to  say,  he  does  not  mention  the  woodcut  in  Falconi. 

'^  Le  antichita  di  Pozzvolo  et  Ivoghi  convicini ;  novamente  raccolte  dall*  Illustr.  Sig. 
Ferrante  Loffredo,  March,  di  Treuico,  &c.  In  Napoli,  appr.  Gius.  Cacchi^j,  M.D.LXX, 
fol.  2,  a. 

s  PVTEOLANA  HISTORIA  a  lulio  Cacs.  Capacio  conscript.  Accessit  eiusd.  de  Balneis 
Libellos,  Neap.,  4to,  MDCIIII,  appendice,  p.  49  ;  N.  Lanzani,  Brieve  dissertazione  dell* 
acqua  nuovamente  rinvenuta  nell*  anno  1738  in  Pozzuoli,  dagli  antichi  chiamata  del 
Gantarello,  8vo,  Napoli,  MDCCXL. 
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Near  the  three  upright  columns,  and  lying  high  above  the  pavement 
of  the  temple,  the  upper  part  of  the  shaft  of  a  fourth  column  was  found; 
but  while  the  upright  shafts  are  surrounded  only  by  a  band  of  liihodomus 
borings,  this  fragment,  with  the  exception  of  the  surface  resting  in  the 
ddbris,  was  perforated  all  over,  even  on  the  cross  fractures.  This  piece 
of  column,  thus  lying  as  one  fragment  out  of  many  among  the  dAris  in 
the  sea,  shows  that  all  the  borings  were  unquestionably  produced  in  place, 
and  that  when  the  sea  rose  to  this  height  the  temple  was  already  deeply 
buried  up.  Further  excavations  revealed  a  great  rectangular  edifice 
68  meters  long  and  56  meters  broad,  which  turned  one  narrow  end  towards 
the  sea,  the  other  towards  the  land,  and  contained  in  the  middle  a  semi- 
circular cella.  Before  the  cella  stood  the  four  great  columns  already 
mentioned.  This  rectangular  structure,  comprising  many  chambers,  en- 
closed a  court  in  the  middle  of  which  rose  an  independent  circular 
building  supported  by  columns. 

Two  lateral  entrances  were  found  in  the  eastern  of  the  longer  sides; 
they  were  blocked  up  with  stones.  The  statue  of  Serapis  had  been  taken 
from  its  pl€tce  and  set  in  a  comer  with  other  sculptures.  In  several  of 
the  chambers  sculptures  and  fragmentary  remains  were  found  collected 
together,  some  of  which  it  is  certain  did  not  originally  belong  to  the 
temple.  Two  or  three  of  these  objects  are  evidently  water-worn,  and  were 
probably  brought  in  from  an  exposed  position  near  the  shore.  From  these 
facts  Jorio  concludes,  doubtless  with  truth,  that  neither  earthquake,  nor 
fire,  nor  hostile  invasion  caused  this  great  temple  to  fall  into  disuse,  but 
the  strict  interdict  pronounced  against  the  Serapis  worship  by  the  emperor 
Theodosius  and  lus  successors^.  When,  therefore,  in  the  fifth  and  sixth 
centuries,  the  hosts  of  Alaric  first,  then  of  Oenseric,  and  finally  of  Totila, 
reached  Puteoli,  the  temple  was  doubtless  already  deserted,  but  there  are 
signs  of  a  later  attempt  to  adapt  certain  parts  of  it  to  some  ritualistic 
purpose  by  the  addition  of  walls  and  other  structures. 

The  hot  spring  rose  behind  the  cella,  and  its  waters  were  conveyed  into 
the  interior  of  the  temple  by  conduits.  One  of  these,  about  one  meter  deep 
and  0*5  meter  broad,  led  to  the  sea ;  through  this  the  sea  now  enters  the 
temple.  Niccolini  found  beneath  the  first  a  second  pavement,  of  great 
artistic  merit,  and  a  second  system  of  conduits,  which  belong  to  an  earlier 
structure  situated  at  a  lower  level.  These  certainly  indicate  that  within 
the  Roman  period  a  displacement  of  the  strand-line  in  the  positive  direc- 
tion may  have  taken  place  to  the  extent  of  one  or  two  meters  ^.     In  opposi- 

*  Jorio,  Ricerche  sul  tempio,  &c.,  pp.  40,  45-48.  In  1757,  before  the  cella  had  been 
excavated,  fragments  of  sculpture,  bearing  signs  of  having  been  worn  by  the  wavea,  were 
again  carried  into  the  temple  from  the  shore ;  John  Nixon,  An  Account  of  the  Temple  of 
Scrapie  at  Puzauoli,  Phil.  Trans.  R.  S.,  1757,  L,  part  1,  p.  173. 

'  A.  Niccolini,  Rapporto  sulle  acque  che  invadono  il  pavimento  delP  antico  edificio 
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iion  to  Niccolini,  Babbage,  who  in  all  other  respects  shows  such  deep  insight, 
has  maintained  that  this  second  pavement  was  only  the  floor  of  a  bath ; 
but  this  view  is  not  tenable  ^.  In  several  of  the  chambers  dark  calcareous 
sinter  was  observed  in  horizontal  bands  at  different  heights  up  to  about 
one  meter ;  but  this  sinter  only  shows  that  before  the  temple  was  submerged 
by  the  sea,  cavities  existed  among  the  d^ris  which  covered  it  up,  and  in 
these  spring  or  rain-water  was  able  to  accumulate.  A  fact  of  greater 
importcmce,  mentioned  by  Jorio,  is  that  a  late  Roman  grave  was  sunk  in 
the  deposits  of  the  cella,  a  proof  of  how  quickly  the  ruin  had  proceeded. 

Above  the  d^ris  of  the  wall  follows  another  layer  of  calcareous  sinter, 
of  which  the  lower  boundary  is  irregular,  accommodating  itself  to  the 
surface  of  the  debris,  while  the  upper  boundary  is  horizontal.  Babbage 
gives  about  8  feet  8  inches  as  the  height  of  the  latter,  and  adds  that  the 
sinter  precisely  resembles  that  of  the  Piscina  rairabilis.  This  upper 
incrustation,  visible  on  the  shafts  of  the  columns,  was  examined  under  the 
microscope  by  Ehrenberg,  who  recognized  it  as  a  fresh- water  sinter  \  At 
the  time  of  its  formation  a  pool  of  rain  or  spring-water,  held  up  either 
by  the  debris  or  the  wall  of  the  great  rectangle,  must  have  stood  for 
a  considerable  period.  This  is  the  last  formation  previous  to  the  entrance 
of  the  sea ;  so  far,  with  the  exception  of  the  deeper  and  older  pavement,  we 
have  in  my  opinion  obtained  no  chronological  data,  nor  have  we  observed 
any  indications  which  cannot  be  explained  as  the  natural  consequences  of 
dilapidation  ^ 

The  entrance  of  the  sea  took  place  gradually.  The  remains  of  the 
brick  walls  which  formed  the  rectangle  are  lower  towards  the  sea,  higher 
towards  the  land ;  the  result,  as  Jorio  rightly  observes,  of  the  action  of  the 
waves.  Sand  with  marine  shells  was  now  deposited,  and  the  same  bed  of 
marine  sand  is  found  in  the  neighbouring  gardens ;  towards  the  sea  it  lies 
at  a  somewhat  lower  level. 

About  this  time  a  wall  of  bricks  and  ancient  d^ris  was  constructed 
behind  and  somewhat  to  the  side  of  the  three  upright  columns  and  east  of 

detto  il  Tempio  di  Giove  Serapide,  letto  dal  Presidente  della  R.  Acoademia  delle  Belle 
Arii,  25  Nov.  1828, 4to,  Napoli,  1829,  46  pp.,  pi. ;  and  in  the  memoirs  already  quoted,  in 
particular  in  Cistema  e  antiche  stufe  del  Tempio  di  Serapide,  letter  to  L.  Pasini,  4to, 
1845. 

^  C.  Babbage,  Observations  on  the  Temple  of  Serapis  at  Pozzuoli  near  Naples,  with 
Remarks  on  certain  Causes  which  may  produce  Geological  Cycles  of  great  extent  (read 
March  12,  1834) ;  Quart.  Joum.  Gcol.  Soc,  1847,  III,  pp.  186-217. 

<  Ehrenberg,  Feststellung  des  KalkOberzuges  am  Serapis-Tempel  zu  Puszuoli  bei 
Neapel  alf  Sflsswasserkalk  durch  das  Mikroskop ;  Monatsb.  k.  preuss.  Ak.  Wiss.  Berlin, 
Sitiung  Yom  18.  Nov.  1858,  pp.  585-602.  A  list  of  marine  shells  is  given  by  Philippi  in 
Nenet  Jahrb.  Min.,  1887,  Y,  pp.  285-292. 

*  Babbage  mentions  a  Serpula  above  the  lower  dark  sinter  of  one  of  the  chambers ; 
this  only  shows  that  one  of  the  cavities  remained  for  a  long  time  unfilled.  I  am  unable 
to  infer  from  this  that  the  sea  had  entered  the  temple  before  it  was  covered  with  ash. 
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the  cella,  as  a  defence  against  the  sea,  and  doubtless  to  protect  the  spring 
situated  behind  it.  This  wall  was  built  with  a  face  sloping  towards  the 
sea ;  it  ran  across  three  chambers  of  the  ancient  temple,  then  already  in 
ruins;  its  base  stood  2  to  2*6  meters  above  the  floor  of  the  chambers  I 
This  is  obviously  the  opus  sectUe  for  the  protection  of  the  spring,  mentioned 
by  Petrus  de  Ebulo  in  the  thirteenth  century ;  now  we  perceive  the 
appropriateness  of  the  words :  Cum  mare  fr&meacU :  locus  oppugruUwr  ah 
undis. 

It  was  at  this  time  that  the  Lithodomus  made  its  borings.  So  for  as 
the  d^ris  rose  around  the  columns,  so  far  were  they  protected  from  the 
Lithodomus  and  from  the  action  of  the  sea  generally.  I  visited  the 
locality  in  April,  1872,  and  in  August,  1878.  On  both  occasions  the  socles 
of  the  upright  columns  were  under  water ;  at  the  second  visit  to  the  extent 
of  0-658  meter.  If  the  column  is  examined  closely  the  lower  part  of  the 
shaft  is  found  to  be  smooth  and  well  preserved  up  to  a  height  of  1*71 
meters;  then  follows  a  band  of  sinter,  here  only  0*07  meter  broad, 
evidently  formed  just  above  the  ancient  d^ris  of  the  walls,  2-488  meters 
above  the  pavement  Up  to  this  height  the  shaft  retains  its  original 
diameter.  Above  the  sinter  a  rough,  somewhat  weathered  and  corroded 
zone  is  seen,  varying  from  0-53  to  0*65  meter,  and  presenting  towards  the 
upper  edge  the  chain-like  borings  of  Vioa.  Then  follows,  deeply  corroded, 
and  with  a  perceptible  diminution  in  the  diameter  of  the  shaft,  the  zone  of 
Lithodomus,  the  breadth  of  which  varies  roughly  in  inverse  ratio  to  that  of 
the  preceding  zone,  from  3*02  to  2*60  meters.  The  upper  limit  of  the 
borings  was  thus,  in  August,  1878,  from  5'88  to  5-08  meters  above  the 
surface  of  the  water  in  the  temple,  and  5 -OSS  to  5 '688  meters  above 
the  floor  of  the  temple. 

Above  the  borings  comes  a  rough  band  of  no  great  breadth  ;  the  upper 
part  of  the  shaft  has  suflered  a  good  deal  from  the  weather,  and  seems 
never  to  have  been  under  water  ^ 

Over  the  marine  bed  a  fresh  layer  of  debris  was  deposited  ;  this  doubt- 
less was  produced  chiefly  by  the  eruption  of  1538 ;  after  this  event  more 
than  two  centuries  elapsed  before  the  excavation  of  the  ruins.  The  fact 
that  the  ash  rests  on  the  marine  sand  proves  that  the  positive  phase  was 
earlier  than  1538. 

^  Jorio,  Ricerchc  sul  tempio,  &c.,  j).  56. 

*  On  both  visits  I  was  accompanied  by  younger  colleagues ;  the  measurements  were 
made  in  my  presence  by  Dr.  Bittner.  The  shafts  consist  of  white  marble  with  streab 
of  schist ;  the  Lithodomus  may  be  seen  following  the  limestone  and  generally  avoiding 
the  schist,  while  on  that  part  of  the  shaft  which  was  exposed  to  the  air  the  streaks  of 
schist  are  disintegrated  by  the  atmosphere.  The  shafts  are  slightly  inclined.  I  have  not 
thought  it  necessary  to  lay  particular  emphasis  on  this  circumstance.  The  floor  of  the 
temple  was  raised  about  the  year  1864  by  order  of  the  sanitary  authorities.  I  cannot 
assert  that  the  water  level  observed  by  us  coincided  with  the  sea-level. 
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The  question  as  to  whether  oscillations  are  still  in  progress  is  not 
definitely  settled ;  the  observations  known  to  me  are  inadequate.  Niccolini 
has  collected  a  number  of  low- water  measurements  for  the  years  1822  to 
1838,  and  infers  from  them  a  continuous  rise  of  the  sea ;  Smith  thought 
they  showed  a  sinking  of  the  land;  Mallet,  in  1862,  called  attention  to 
possibly  sources  of  error.  Ouiscardi  asserted  that  a  place  on  the  bridge  of 
Caligula  where  ships  were  formerly  made  fast  stood  on  June  12,  1840, 
+  2*037  meters,  and  on  June  9, 1865,  +2-886  meters  above  low  water,  and 
concludes  from  this  that  a  change  of  level  to  the  extent  of  +  0-849  meter 
has  occurred  m  twenty-five  years  \ 

6.  Divers  explarujUions.  The  first  observers  who,  after  the  excava- 
tion of  the  temple,  paid  attention  to  the  Lithodomus  borings,  perceived  at 
once  the  difficulties  presented  by  the  problem.  Most  of  them,  residents 
as  well  as  visitors,  merely  recorded  the  strange  fact  or  expressed  their 
conjectures  with  the  greatest  reserve.  Among  the  foreigners  who  visited 
the  ruins  were  Nixon  in  1757,  and  Ferber  in  1772  *. 

At  first  a  temporary  oscillation  of  the  sea-level  was  thought  to  have 
occurred.  Towards  the  close  of  the  eighteenth  century  the  learned  Scipio 
Breidak  was  the  leading  exponent  of  the  view  that  a  high  tide  (mar^), 
five  meters  high,  must  be  supposed  to  have  continued  for  several  years. 
After  the  impossibility  of  a  high  tide  of  so  great  a  duration  had  been 
represented  to  him,  he  abandoned  this  theory  in  the  French  edition  of  his 
travels  in  Campania,  which  was  published  by  Pommereuil  in  1801,  con- 
fessed that  no  satisfactory  explanation  had  as  yet  been  discovered,  and 
inclined  to  the  view  that  the  land  itself  had  moved  first  upwards  and  then 
downwards  (II,  p.  12)  \ 

By  the  side  of  this  view  another  very  soon  arose.  It  was  conceived 
that  during  the  decay  of  the  temple  the  d^ris  had  fallen  in  such  a  manner 
that  it  surrounded  a  basin,  and  indeed  the  rectangle  of  brick  walls  sur- 
rounding the  great  court  would  certainly  tend  to  give  this  form  to  the 
accumulation.  If  then,  owing  to  storms  or  a  seismic  wave,  sea-water  should 
have  been  driven  over  the  ruin,  a  marine  pond  might  have  resulted,  lying 
over  the  d^ris,  and  in  this  the  Lithodomus  might  have  found  a  home 
above  the  sea-level.  This  was  the  form  of  explanation  given  by  Pini  and 
by  Ooeihe.    Brocchi  took  a  middle  course,  and  thought  that  the  sea  had 

'  Niccolini,  Gran  Terma,  parte  geologica,  p.  5  et  seq. ;  J.  Smith,  On  Recent 
Depreanons  in  the  Land,  Quart.  Joum.  Geol.  Soc,  1847,  III,  pp.  284-240 ;  G.  Guiscardi, 
Sol  livello  del  Mare  nel  Golfo  di  Pozzuoli,  Rendic.  Accad.  ScL  Napoli,  1865,  IV, 
pp.  208,  204 ;  R.  Mallet,  Great  Neapolitan  Earthquake  of  1857,  8to,  London,  1862, 
II,  p.  218. 

*  Nixon,  An  Account  of  the  Temple,  &c, ;  J.  J.  Ferber*8  Briefe  aus  W&lBchland  tiber 
nattlrliohe  MerkwOrdigkeiten,  &c.,  an  Ign.  Edl.  y.  Born,  8vo,  Prag,  1778,  p.  197. 

*  S.  Breislak,  Voyages  physiques  et  lithologiques  dans  la  Campanie,  trad,  par  le 
G^n^ral  Pommereuil,  Paris,  1801,  II,  p.  170. 
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once  been  somewhat  nearer  the  rains,  and  the  filling  of  the  basin 
d^ris  did  the  rest  ^. 

Later,  when  the  elevation  theory,  chiefly  based  on  the  obsenra 
Sweden,  celebrated  its  triumph,  the  shafts  of  the  columns  at  Pu22u< 
regarded  as  typical  examples  of  the  result  of  repeated  oscillationi 
land;  but  it  is  noteworthy  that  as  late  as  1829,  James  D.  Forth 
a  very  thorough  examination  of  the  facts,  though  he  admitted  local 
tions  of  the  land,  yet  thought  it  possible  that  a  general  change  in  \ 
of  the  Mediterranean  might  also  be  in  progress,  and  he  expressl; 
that  this  question  is  still  in  need  of  investigation  ^ 

In  the  account  given  by  Forbes  we  perceive  a  tendency  to  re| 
local  movements  as  rapid,  the  general  movements  as  slow ;  and  a 
same  time  Capocci  attempted  to  prove  that  the  last  emeigence  of 
had  taken  place  quickly,  indeed  during  the  eruption  of  1588.  In 
of  this  view  he  referred  to  some  of  the  accounts  quoted  here,  i 
sidered  the  movement  to  have  been  an  elevation  \  Baibage^  whoe 
observations  have  been  repeatedly  mentioned  here,  supposed 
elevations  and  subsidences  of  the  ground  were  caused  by  a  rise  < 
the  subterranean  temperature  in  the  locality. 

There  was  probably  no  one  who  could  bring  to  this  discuss 
a  thorough  knowledge  of  the  facts  as  Niccolini,  whose  investigf 
Puzzuoli  begin  with  the  year  1808,  and  whose  publications  exU 
1828  to  1845  \    Niccolini  sAwAys  maintained  that  the  land  had  : 

^  £.  Pini,  Spiegttdone  dello  strano  fenomeno  che  presentano  i  vermi  marii 
lati  nelle  colonne  del  tempio  di  Serapide  in  Pouuoli,  Opnsc.  scelti  s.  scienze  e 
Milano,  XXII,  1808,  pp.  94-117.  Pini  knew  of  seismic  floods  from  the 
Eraacheninikoff  and  UUoa ;  W.  von  Goethe,  Architectonisch-naturhistorische 
1823  (Zur  Natorwissenschaft  fiberhaupt,  II,  pp.  79-88).  Goethe  made  his  obse 
Puzzuoli  in  1787,  Pini  not  until  1802,  and  did  not  publish  until  twenty  y 
Von  Hoff  adopts  the  same  view,  Geschichte  natOrlicher  Yer&nderungen,  II ,  p] 
'  At  certain  places  in  the  province  of  Pasinganam,  north  of  Arayat,  salt  lakes 
occur  in  which,  according  to  the  statement  of  the  priests,  boring  mollusca  st 
well  as  in  many  fresh  or  brackish  water  rivers  of  the  same  province ' ;  S< 
Philippinen  und  ihre  Bewohner,  8vo,  1869,  p.  100.  Brocchi,  Notizia  di  al 
vazioni  fisiche  fatte  nel  tempio  di  Serapide  a  Pozzuoli,  Bibl.  ItaL  Milano,  '. 
pp.  198-201. 

*  D.  D.  Forbes,  Physical  Notices  of  the  Bay  of  Naples  :  V.  On  the  Temple 
Serapis  at  Puzzuoli  and  the  phenomena  it  exhibits ;  Joum.  Sci.  Edinb.,  1829, 1 
pp.  200-286,  in  particular  p.  283,  where  reference  is  made  to  the  alterati 
Baltic.  In  £Ekvour  of  subsidence  and  subsequent  elevation  are :  Bronn,  Reis* 
pp.  392-400;  F.  Hoffmann,  letter  in  Earsten's  Archiv,  1881,  III,  pp.  874-3^ 
particular,  C.  Lyell  and  the  repeated  editions  of  the  Principles  of  Geology. 

'  £.  Capocci,  Nuove  ricerche  sul  noto  fenomeno  delle  colonne  perforate  d 
nel  tempio  di  Serapide  in  Pozzuoli,  11  pp.  (in  the  Progresso). 

*  In  1829  Niccolini  published  a  memoir,  Alcune  idee  sulle  cause  delle  fasi  de 
mare,  4to,  NapolL  The  fundamental  idea  is  that  the  sea  does  not  gpAvitate  i 
centre  of  the  planet,  but  towards  its  own  centre  of  gravity ;  that  the  latter  is 
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muDOved,  and  that  it  was  the  sea  which  had  changed  its  level ;  this  view 
he  bases  chiefly  on  the  following  grounds : — 

(a)  All  around  Italy  there  are  visible  traces  of  great  and  uniform 
changes  of  the  same  kind. 

(b)  Numerous  thermal  springs  have  always  existed  from  the  Roman 
period  to  the  present  day,  and  not  only  that  of  the  temple  of  Serapis; 
such,  among  others,  is  the  hot  spring  of  the  baths  of  Nero ;  near  Qaeta 
a  cold  spring  still  issues  from  an  opening  of  Grecian  construction;  any 
distension  of  the  ground  would  have  destroyed  these  springs. 

(c)  A  number  of  great  tunnels  have  also  remained  intact  from  the  time 
of  the  Romans,  for  instance  that  from  lake  Avemus  to  Cumae,  and  the 
grotto  of  Posilippi;  twice  a  year  the  setting  sun  sends  a  beam  through 
their  whole  length. 

(d)  Even  at  the  foot  of  Monte  Nuovo  the  ruins  of  the  temple  of  Apollo 
still  remain  standing. 

(e)  The  movements  are  too  frequent  for  movements  of  the  solid  land. 
At  the  same  time  we  must  mention  with  admiration  that  Niccolini 

very  sharply  distinguished  between  the  elevations  of  the  mountains,  dis- 
tinguished by  their  inclined  beds  and  the  movements  of  the  sea,  which 
leave  horizontal  strand-lines ;  that  the  compensation  of  positive  and  nega- 
tive movements  was  perfectly  clear  to  him ;  and  that  he  regarded  uniform 
movements  of  an  heterogeneous  crust  as  an  impossibility. 

The  '  metric  chronological  table '  which  NiocoUni  drew  up  for  the  temple 
of  Serapis  includes  three  phases ;  these  are : — 

1.  A  positive  phase,  from  the  lowest  harbour  works  of  Nisida  (b.  o.  200) 
at  ~6  meters,  to  the  Lithodomus  borings  on  the  columns  at  +6*8  meters. 
The  maximum  and  termination  of  this  phase  are  placed  in  this  table 
between  the  ninth  and  tenth  century. 

2.  A  negative  phase,  said  to  be  proved  by  two  ecclesiastical  buildings 
on  the  shore,  down  to  about  —1  meter;  the  latter  level  is  given  by  the 
deeds  of  gift  of  a.d.  1608  and  1511,  which  cite  districts  regained  by  the 
sea  in  the  neighbourhood  of  Puzzuoli. 

8.  A  renewed  positive  phase,  from  a  date  shortly  after  A.  D.  1611  up  to 
the  present  day,  and  still  continuing. 

I  will  now  attempt,  in  connexion  with  this  table,  to  give  the  results  of 
my  own  inquiry.  Niccolini  has  misunderstood  the  documents  of  1508  and 
1511,  and  has  underestimated  the  importance  of  the  event  of  1588;  he 

■nbtidences,  volcanot,  Ac.  (L  e.  bj  tectonic  procenefl) ;  and  that  the  forfiftoe  of  the  sea 
muft  change  with  the  displacement  of  the  centre  of  gravity.  As  appean  from  a  letter 
to  PenUand,  dated  October  24,  1845,  only  a  few  copies  of  the  '  Idee  *  were  published, 
and  the  aatiior  did  not  return  to  this  view.  The  arg^oments  which  I  have  cited  here  in 
hjonr  of  the  stability  of  the  continents  are  collected  from  the  Descrizione  de  la  gran 
Terma  Pateolana,  1845. 
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recognized  only  a  driving  back  of  the  sea  by  the  aoeomnlation  of 
menta,  as  Pondo  had  described  it,  whereas  a  displacement  of  the 
actually  occurred.    It  may  also  be  seen,  from  the  verses  of  Peti 
Ebulo  and  later  accounts,  that  in  the  thirteenth  century  and   t 
beginning  of  the  sixteenth  the  strand-line  stood  high.    Thus  we 
the  following  result : — 

As  regards  ancient  times,  the  harbour-works  of  Nisida,  the  bri 
Caligula^  the  Lex  parietis  faciundi^  and  the  double  pavement  in  the 
of  Serapis,  afford  evidence  of  positive  movement  only ;  and  it  is  n 
possible  that  this  positive  movement  continued  slowly  through  the 
period  into  the  thirteenth,  fourteenth,  fifteenth,  and  the  beginning 
sixteenth  century,  when  the  strand-line  stood  at  +5-8  meters,  t 
extended  to  the  hot  spring,  and  the  borings  in  the  columns  of  the 
of  Serapis  and  in  the  piers  of  the  bridge  of  Caligula  were  produced, 
on  September  28, 1538,  a  sudden  n^ative  movement  occurred ;  the 
and  the  pile  of  d^ris  of  the  temple  were  abandoned  by  the  sea,  and 
same  time  the  hot  spring  was  covered  with  ash.    We  do  not  kn 
amount  of  this  n^ative  movement,  nor  whether  positive  movem< 
mediately  followed;  the  existence  of  positive  movement  at  the  pre» 
is  maintained. 

Hence  it  results  also  that  the  oscillations  assumed  by  Niccolini 
all  be  accepted  as  valid.  We  have  certain  knowledge  of  one  poeitit 
ment  ordy,  which  was  probaMy  in  dow  progreaefor  a  nwmber  of  ce 
and  led  to  a  high  level  which  lasted  from  the  thirteenth  century  i 
then  a  sudden  negative  'movement  duriaig  the  eruption  of  1538  or 
before  it.  Nothing  else  seems  to  me  to  be  proved.  Further,  thes 
ments  were  restricted  to  the  Fhlegraean  crater,  and  the  movements 
Nisida  which  have  been  correlated  with  them  are  of  incomparab 
date. 

We  are  dealing  with  a  local  phenomenon,  in  the  middle  of  th< 
and  one  which  presents  no  resemblance  to  those  extensive  oscilla 
the  strand-line  previously  discussed.  The  arguments  advanced  ag€ 
elevation  theory  by  Niccolini,  with  as  much  penetration  as  boldi: 
scarcely  be  applied  to  the  present  case. 

On  the  other  hand,  the  argument  based  by  him  on  the  unint^ 
existence  of  numerous  hot  springs  from  the  Roman  period  to  the 
must  be  admitted  to  have  great  weight.  It  is  true  that  the  ho 
behind  the  cella  exists  to-day  as  it  did  two  thousand  years  ago.  N 
less  it  is  precisely  this  part  of  the  ground  which  in  the  course  of  th 
is  said  first  to  have  sunk  down  about  7  meters,  between  the  tim 
construction  of  the  older  pavement  and  the  year  1538,  and  then  in 
have  again  risen  very  rapidly,  indeed  in  a  few  hours,  to  a  com 
amount,  perhaps  to  the  whole  extent  of  5*8  meters ;  and  this  sn 
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and  elevation  are  suppoeed  to  have  altered  the  structure  of  the  ground  so 
little  that  the  spring  is  still  flowing  at  the  present  day.  This  spring 
existed  when  the  strand  lay  low  and  the  Romans  built  the  temple ;  it 
existed  when  the  strand  was  high  and  the  spring  had  to  be  protected  from 
the  waves  by  a  wall ;  it  was  buried  in  ash,  and  in  1785  it  was  found  again. 
Such  persistence  is  hardly  conceivable  except  in  stable  ground. 

Thus  an  examination  of  the  facts  confronts  us  with  a  singular  problem, 
for  on  the  one  side  we  see  the  locally  restricted  nature  of  the  changes  near 
Puzzuoli,  on  the  other  the  constancy  of  the  springs  and  many  other  con- 
ditions in  the  solid  land  make  it  difiicult  to  believe  that  the  land  actually 
slowly  subsided,  then  suddenly  rose  again,  and  is  perhaps  now  once  more 
sinking. 

On  December  8,  1861,  an  eruption  of  Vesuvius  took  place,  which  was 
instructive  in  many  respects.  We  extract  the  following  from  Palmieri's 
account  * : — 

As  early  as  December  5,  violent  vertical  oscillations  were  recorded  by 
the  magnetic  variation  apparatus  of  Lamont  in  the  Observatory ;  the  oscilla- 
tions increased,  the  earth  trembled,  and  on  December  8,  at  three  o'clock  in 
the  afternoon,  a  great  fissure  opened  on  the  south-west  side  of  the  mountain 
towards  Torre  del  Oreco  at  a  height  of  290  meters.  Augitic  lava  poured 
forth.  Towards  eleven  o'clock  in  the  evening  the  activity  diminished ;  on 
the  morning  of  December  9  there  was  a  temporary  increase,  and  the  prin- 
cipal crater  of  Vesuvius  began  to  eject  bombs  and  scoriae.  The  fissures 
were  prolonged  through  Torre  del  Greco  to  the  sea ;  in  some  localities  their 
sides  were  widely  displaced  with  regard  to  each  other;  they  traversed 
the  lava  of  1794,  and  many  houses  collapsed.  On  the  10th  there  was  an 
extraordinary  increase  in  the  outflow  of  the  public  springs  of  Torre  del 
Greco.  The  carbonic  acid  poured  out  of  the  ground  with  such  violence 
as  to  raise  the  heavy  slabs  with  which  the  streets  are  paved.  The  waters 
of  a  little  spring  on  the  seashore  increased  in  volume;  in  the  sea  itself 
a  long  zone  of  violent  commotion  was  observed.  This,  as  it  appeared  later, 
was  caused  by  escaping  carburetted  hydrogen.  On  the  shore  below  Torre 
del  Greco  it  was  now  observed  that  the  sea-level  stood  1*12  meters  lower 
than  a  line  of  seaweed  and  shells  which  marked  the  form^er  strand-line. 
Palmieri  thinks  that  this  shows  the  ground  had  been  raised.  This  eleva- 
tion appears  to  have  been  the  chief  cause  of  the  widening  of  the  fissures  in 
Torre  del  Greco;  and  for  this  reason  that  part  of  the  town  built  on  the 
ancient  lava  had  suflered  most,  since  the  lava  was  broken  up  by  the 
swelling  of  the  ground. 

^  L.  Palmieri,  Cronaca  del  Vesuvio,  Ann.  R.  Osservator.  met.  Vesuyiano,  Napoli,  1862, 
III,  p.  1  et  eeq.,  and  Compt.  Rend.,  Paris,  1861,  LIII,  p.  1232 ;  Guiscardi,  tom.  cit, 
p.  1285 ;  Tchihatchef,  Verb.  k.  k.  geol.  Reichs.  Wien,  1862,  p.  182  ;  Perrej,  Note  rar  le« 
tremblements  de  terre  de  1861,  p.  104  et  seq. 
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The  emption  from  the  principal  crater  continiied,  while  the 
situated  on  the  upper  part  of  the  new  fiasure  were  emptied  to  an 
ordinary  depth,  notwithstanding  the  brief  duration  of  the  outflow. 

Accounts  exist  which  might  lead  us  to  suppose  that  during  so 
the  earlier  eruptions,  especially  that  of  the  year  1681,  an  elevation 
land  had  also  occurred,  followed  by  a  BiuMdence.    In  1861  the  ne 
movement  did  not  extend  as  far  as  Oranatello,  4  kilometers  to  the 
west ;   and  in  Torre  Bassano,  2*25  kilometers  to  the  south-east,  i 
amounted  to  0-8  meter.    A  fixed  point  was  therefore  chosen  at  Grai 
and  on  December  81  a  line  of  sight  was  established  upon  an  islet  h 
this  point  and  a  reference  mark  on  the  raised  shore  near  Torre  del 
On  January  21  the  reference  mark  was  already  found  to  be  0-64 
lower,  on  February  12  it  was  0*186  meter  lower  still,  but  on  Marcli 
reading  had  not  changed ;  by  March  81  it  had  sunk  (HHl  meter  f 
making  altogether  0*241  meter  since  December  81.    At  the  same  ti 
shore  began  to  show  signs  of  great  heat;  some  springs  on  the 
reached  a  temperature  of  47^  by  Uie  end  of  January.    The  vents  whi 
opened  on  December  8  had  already  long  been  dosed,  but  the  temp< 
at  Torre  del  Oreoo  and  on  the  shore  continually  increased,  until 
on  March  2,  a  long  stretch  of  ground  had  reached  80^  and  began 
off  steam.    Palmieri  was  of  opinion  that  the  liquid  lava  could  not  l 
than  500  meters  below  the  town  of  Torre  del  Oreoo,  and  it  was  ei 
that  a  new  eruptive  centre  would  open  at  the  surface.    At  the  san: 
the  levelling  apparatus  indicated  a  continuous  positive  movement- 
rupted,  it  is  true,  at  the  very  beginning  of  March — which  in  th 
corresponded  with  a  subsidence  of  the  ground. 

The  volcanic  eruption  on  Tanna,  the  most  southerly  of  the  New  He 
on  January  10,  1878,  was  accompanied  by  a  negative  displaceme 
exact  extent  of  which,  probably  about  3  meters,  cannot  be  disc 
from  the  accounts ;  nor  do  I  know  whether  it  was  followed  by  a  { 
recurrence  ^. 

These  cases,  particularly  that  of  Monte  Nuovo  in  1538  and  V« 
in  1861,  show  a  slow  positive  and  a  rapid  negative  movement,  i 
facts  might  be  most  readily  explained  by  a  decrease  of  gravit 
attraction  consequent  on  the  eruption,  but  calculations  lend  no  s 
to  this  suggestion. 

In  1845  Bruchhausen  published  a  treatise,  in  which  he  attribul 
rise  of  the  sea  during  glacial  periods  to  the  attraction  of  the  accun 
masses  of  ice ;  and  Penck  remarks  that  in  1846  the  same  author  pn 
Humboldt  with  a  manuscript  as  a  supplement  to  this  treatise,  in 

^  AnnaJen  der  Hydrographie,  Berlin,  VI,  1878,  p.  371.  Captain  Kilgour  ss 
a  rock  in  front  of  the  harbour  appeared  to  have  risen  three  meters,  and  coral  re< 
raised  out  of  the  sea.    Here  also  a  seisniic  flood  occurred. 
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he  maintained  that  in  consequence  of  volcanic  activity  a  change  may  take 
place  in  the  local  value  of  gravity,  and  therefore  in  the  sea-level  also^. 
Yerbeek  estimated  the  mass  of  material  ejected  by  Erakatoa  in  August, 
1883,  at  18  cubic  kilometers,  with  a  weight  of  86  x  1012  kilogrammes. 
Still  higher  estimates  were  given  by  Junghuhn  in  the  case  of  the  eruption 
of  Tambora  in  1815  \  After  the  eruption  of  Monte  Nuovo,  Francesco  del 
Nero  wrote :  'What  I  cannot  make  out  is  the  great  quantity  of  material 
which  has  issued  from  this  vent  .  .  .  and  Grod  forbid  that  the  cavity 
should  extend  beneath  Naples^/  None  of  these  masses,  however,  are 
sufficient,  according  to  the  calculations  of  our  physicists,  to  account  for 
the  negative  movements  recorded. 

Thomson  and  Tait  calculate  that  we  should  have  to  assume  a  sub- 
terranean spherical  cavity  of  3,000  to  4,000  meters  in  diameter  to  account 
for  a  fall  of  one  meter  in  the  sea-leveL  Drygalski  has  calculated  the  cavity 
for  the  temple  of  Serapis,  but  with  the  centre  below  Vesuvius  ^  Dr.  Margules 
has  had  the  kindness  to  undertake  at  my  request  a  number  of  these 
laborious  calculations,  and  has  arrived  at  results  identical  with  those  of 
his  predecessors.  Thus  according  to  him,  we  find  first,  in  agreement 
with  Thomson  and  Tait,  that  a  spherical  cavity  beneath  the  surface 
of  190  cubic  kilometers  would  be  required  for  a  subsidence  of  the  sea- 
level  to  the  extent  of  one  meter.  If  we  assume  a  hemispherical  cavity,  its 
volume  would  amount  to  147  cubic  kilometers ;  and  by  assuming  the  most 
favourable  conditions  this  would  be  reduced  to  104  cubic  kilometers. 
These  figures  are  all  disproportionately  greater  than  the  highest  estimate 
of  the  most  voluminous  discharges,  and  in  the  case  of  Monte  Nuovo  we 
have  a  negative  movement  not  of  one,  but  of  five  or  six  meters. 

The  question,  then,  arises  whether  we  must  not  return  to  the  old  theory 
of  Babbage,  which  attributes  the  swelling  up  to  increase  of  temperature. 
Palmieri  appears  to  think  that  this  cause  has  been  supplemented  by  the 
action  of  high-pressure  vapours. 

Whatever  may  be  the  true  explanation,  these  movements  which  have 
left  their  traces  on  the  columns  of  the  temple  of  Serapis  are  completely 
dififerent  from  those  of  the  Baltic  sea,  although  they  find  a  place  beside 

^  W.  von  Bnichhaasen,  Die  periodisch  wiederkehrenden  Eiszeiten  and  Sindfluthen,  8to, 
Trier,  1846 ;  A.  Penck,  Schwankungen  des  Meeresspiegels,  8vo,  MtLnchen,  1882,  pp.  7 
and  19  (printed  from  the  Jahresber.  geogr.  Ges.  Mdnchen,  VII).  The  fact  of  the 
constant  elevation  has  not  been  established.  Prof.  Penck  has  been  kind  enough  to  send 
me  a  copy  of  this  MS. 

*  R.  D.  M.  Yerbeek,  Rapport  sommaire  sur  P^ruption  de  Krakatau,  les  26,  27  et  28 
ao&t  1888 ;  Arch,  n^erhvnd.  sci.  Harlem,  1884,  XIX,  p.  166. 

'  M.  Nenmayr,  Der  Bericht  des  Francesco  del  Nero  fiber  die  Bildung  des  Monte  Nuovo 
bei  Neapel ;  Neues  Jahrb.  Min.,  1883,  II,  p.  49. 

*  Thomson  and  Tait,  Handbuch  der  theoretischen  Physik,  I,  2,  8vo,  Braunschweig, 
1874,  §  787,  p.  842 ;  E.  von  Drygalski,  Die  Geoid-deformationen  der  Eisseit,  Zeitschr. 
Ges.  Etdkunde,  Berlin,  1887,  XXII,  p.  28. 
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one  another  in  our  textbooks  as  proofo  of  the  theory  of  elevation ; 
first  place  they  are  distinguished  by  their  strict  local  limitation,  i 
the  second  by  the  sadden  spasmodic  character  of  the  negative 
They  have  as  little  in  common  with  the  alleged  universal  and 
oscillations  of  the  continent  as  the  oscillations  of  an  inland  sea  wit) 
of  the  Ocean.    They  are  changes  above  the  surface  of  a  8ooria-< 
focus,  and  neither  the  fresh  verdure  of  the  hills  and  meadows,  i 
noisy  traflEb  of  the  light-hearted  inhabitants,  nor  historical  recoil 
permit  us  to  forget  that  Horace's  '  little  comer  of  the  smiling  ear 
promontory  of    Misena,  looks    down  into  the    depths    of   an    e 
volcano,  not  yet  absolutely  extinct.    An  explanation  of  these  phei 
must  be  sought  in  active  volcanos,  on  the  slopes  of  Vesuvius, 
better,  on  the  '  pahoehoe '  of  Eilauea,  the  lava  field  in  the  interior 
great  crater  of  Hawaii. 
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CHAPTER  X 

THE  BALTIC  AND  THE  NORTH  SEA  DURING  THE 

HISTORIC  PERIOD 

Salinitj  within  the  Skager  Rack.  Mean  level  of  the  Baltic  on  the  German  coast. 
Oscillations  on  the  coasts  of  Sweden  and  Finland.  General  survey  of  the  negative 
displacement  Submerged  forests  and  peat  bogs  of  the  North  sea.  The  haffs  and  peat 
bogs  of  the  Baltic  coasts. 

1.  Salinity  within  the  Skager  Rack,  When,  in  1807,  Leopold  von  Buch 
perceived  the  signs  of  a  retreating  strand  in  the  golf  of  Bothnia,  he  was 
dominated  by  the  belief  that  the  whole  surface  of  the  ocean  stands  at 
the  same  level,  and  that  a  local  deviation  from  uniformity  is  a  'matter 
of  impossibility.'  Out  of  this  conception  arose  the  theory  of  conti- 
nental oscillations,  with  all  its  consequences,  which  has  so  profoundly 
influenced  the  development  of  our  science.  Yet  this  notion  of  a  uniform 
level  cannot  be  maintained ;  apart  from  the  very  important  disturbances, 
still  insufficiently  studied,  which  are  due  to  the  attraction  of  the  con- 
tinents, it  certainly  cannot  be  applied  to  interior  seas  more  or  less  separated 
from  the  Ocean. 

If  we  assume  a  complete  equalization  of  level  in  the  most  distant  arms 
of  the  sea,  we  might  with  the  same  right  imagine  a  similar  equalization  in 
the  salinity  and  density;  which,  nevertheless,  does  not  occur.  We  must,  on 
the  contrary,  admit  that  the  water  in  those  bays  or  incompletely  closed 
arms  of  the  eea^  where  the  density  is  less  than  that  of  the  Ocean,  stands  at  a 
higher  level,  and  in  those  where  it  is  greater  at  a  lower  level  than  the  Ocean. 

Salinity  is  the  most  important  element  in  determining  the  density  of 
the  water.  Temperature,  except  as  a  factor  in  evaporation,  has  less 
influence,  and  its  effect  is  less  strictly  localized  than  the  differences  in 
salinity.  When  the  estuary  of  a  river  is  filled  with  fresh  or  brackish 
water,  then  a  higher  column  of  the  less  heavy  water  in  the  estuary  is 
required  to  balance  a  column  of  the  heavier  water  in  the  open  sea.  For 
this  reason  alone  the  shore-line  must  be  higher  vnthin  the  estuary  than 
outside  it.  The  salinity  and  the  level  of  the  water  in  the  estuary  are 
dependent  on  the  quantity  of  fresh  water  brought  down  from  the  land,  and 
this  varies  with  the  seasons,  so  that  we  should  expect  to  find  the  greatest 
variations  both  in  level  and  salinity  in  proximity  to  the  mouths  of  rivers. 

According  to  the  data  of  the  Devische  Seewarte  the  North  Atlantic 
Ocean  attains  its  maximum  density  in  lat.  SO"*  to  SS"*  S.,  with  a  specific 
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gravity  of  1-02768,  and  8  68  per  cent  of  aalta  in  adntioii ;  both 
and  density  decrease  to  the  north  and  soath.    In  lat.  50*  to  U 
specific  gravity  is  1*02665,  the  salts  in  solution  amount  to  8-48  [ 
We  must  refer  to  these  values  as  a  standard  in  discnssing  the 
closed  arms  of  the  sea. 

In  Europe  there  are  two  chains  of  seas  in  somewhat  restrict 
munication  with  the  Ocean.  The  first  of  these  comprises  the 
Bothnia,  the  gulf  of  Finland,  the  Baltic,  Cattegat,  and  Skager  R 
second  includes  the  sea  of  Azov,  the  Black  sea,  the  Bosphorus,  the 
and  the  Mediterranean.  In  those  most  remote  from  the  Ocean 
the  '  wiek '  or  northern  half  of  the  gulf  of  Bothnia,  the  gulf  of 
and  the  sea  of  Azov,  the  same  conditions  prevail  as  in  a  great 
the  salinity  is  at  a  minimum  ;  they  should  consequently  present  tin 
level  above  the  Ocean. 

In  the  northern  chain  the  foUovnng  members  may  be  distinguif 

I.  The  northern  half  of  the  gulf  of  Bothnia,  or  the  wiek  of 
bounded  on  the  south  by  the  Quarken.  It  forms  a  shallow  basi 
sinks,  it  is  true,  to  below  100  meters  on  the  west  side,  between 
and  65*"  N*,  and  in  one  place  even  to  129  meters;  but  on  tb 
the  depth  is  inconsiderable.  Towards  the  north-east  there  is  I 
20  meters  of  water  over  wide  areas,  and  the  transverse  ridge 
Quarken  nowhere  appears  to  sink  below  20  meters  K 

The  quantity  of  water  which  enters  the  basin  bounded  by  tl 
is  always  very  great,  but  varies  with  the  seasons  to  an  extras 
extent  The  watershed  on  the  west  of  the  basin  4i»^tuated  fi 
towards  the  Atlantic ;  on  the  north  it  is  almost  equally  |emote,  f 
on  the  north-east  and  east  does  it  gradually  approach  the^^(uark< 
vast  volume  of  snow  water  set  free  by  the  sun  during  the 
days,  which  are  scarcely  interrupted  even  by  twilight,  flows  into 
of  Bothnia.  The  greater  quantity  comes  from  the  west.  The  whoi 
influx  must  pass  out  over  the  ridge  of  the  Quarken,  and  chiefly  c 
part  of  it  which  lies  between  Holmo  and  the  coast  of  Sweden,  an 
only  16  kilometers  in  breadth.  The  result  is  an  extremely  low  d 
salinity.  At  Nieder-Kalix,  near  the  northern  end  of  the  gulf, 
found  only  0-26  per  cent,  of  saline  constituents,  at  Skelleftea  0-35 
Umei,  in  the  waist  of  the  Quarken,  0«39.  Oflf  the  northern  par 
Finnish  coast  Struve  found  at  Uleaborg  and  at  Brahestad  0-34  per 

^  G.  von  Boguslawski,  Handbuch  der  Oceanographie,  8vo,  Stuttgart,  1884, 1, 
*  This  may  be  very  clearly  followed  on  the  bathometrical  chart  of  the  \ 

E.  Ackermann  and  £.  H.  Wichmann  in  Ackermann,  Beitr&ge  zur  physischen  Gk 

der  Osteee,  8yo,  Hamburg,  1883. 
'  These  are  the  figures  reduced  by  Ekman  to  a  common  denominator ;  Ek 

Hafsrattnet  utmed  Bohusl&nska  Kusten,  K.  svenska  Vet.  Akad.  fiandl.,  1870,  2. 

1.  part,  No.  4,  p.  80. 
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n.  The  aouthem  half  of  the  gvZf  cf  Bothnia.  This  extends  from  the 
Quarken  to  the  Aland  islands.  The  islands  are  the  summits  of  a  broad 
rocky  ridge  which  extends  from  Abo  towards  the  west,  but  terminates 
before  reaching  the  Swedish  coast  in  an  abrupt  descent  to  an  unexpected 
depth.  A  narrowly  confined  trough  is  thus  formed,  with  a  bottom  below 
200  meters,  and  towards  the  south-east  even  below  300  meters;  it  is 
situated  at  the  junction  of  the  gulf  of  Bothnia  with  the  northern  Baltic, 
and  is  known  as  the  sea  of  Aland. 

Between  the  Aland  islands  and  the  Quarken  the  sea  sinks  in  yet  one 
other  place  to  a  great  depth;  this  is  also  on  the  west  coast,  in  lat. 
62*  53'  N. ;  soundings  show  —271  meters.  From  this  spot  the  depth  rapidly 
diminishes  to  the  north,  east,  and  south,  so  that  the  mean  depth  of  even 
this  basin  is  by  no  means  great. 

The  drainage  basin  which  supplies  this  sheet  of  water  is  quite  as  broad 
on  the  western  side  as  that  of  the  northern  moiety  of  the  gulf  of  Bothnia^ 
but  on  the  east  it  is  more  restricted,  and  the  influx  of  fr^h  water  is  far 
less.  Thus  it  happens  that  the  salinity  shows  a  general  increase  towards 
the  south,  but  on  the  coast  of  Finland  the  increase  is  already  felt  more 
to  the  north ;  thus,  south  of  Wasa,  lat.  63^  N.,  Struve  found  0-51  per  cent, 
and  at  Eristinestad,  lat.  62''  15^  N.,  0*54  per  cent. ;  while  on  the  Swedish 
coast,  at  Hemosand,  lat.  62''  30'  N.,  Edlund  found  only  042,  at  Soderham, 
lat  61*  ir  N.,  only  046,  and  north-east  of  Gefle,  lat  60"  51'  N.,  only  048 
per  cent 

m.  The  gvZf  of  Firdand.  This  contributes  a  considerable  quantity  of 
fresh  water,  which  it  receives  from  the  east  The  depth  of  the  gulf 
increases  in  a  gradual  and  regular  manner  from  the  Neva  to  the  Baltic, 
and  subterranean  ridges,  such  as  those  of  the  Quarken  and  the  Aland 
islands,  are  absent  For  the  question  now  before  us  a  closer  description 
of  this  gulf  is  not  necessary. 

IV.  The  gvlf  of  Riga,  situated  on  the  inner  side  of  the  islands  of  Dago 
and  Oesel,  receives  the  drainage  of  the  basin  of  the  DUna,  and  contributes 
a  certain  quantity  of  fresh  water. 

V.  The  Baltic.  This  sea  is  divided  longitudinally  down  the  middle 
by  a  ridge,  which  runs,  with  only  a  trifling  interruption,  from  the 
Kopparsten-ome  and  the  island  of  Gotska  Sando,  across  Gothland  and  the 
Hoborg  bank  to  the  Mittelbank;  that  is,  from  about  lat  68"  80'  to  55"  30'  N. 
Bomholm  and  the  Bonne  bank  may  also  be  considered,  so  far  as  the  move- 
ment of  the  water  is  concerned,  as  its  continuation.  Thus  there  arises 
a  German  moiety  of  the  Baltic,  that  is,  the  east,  south-east,  and  south 
part,  and  a  Swedish  moiety,  that  is,  the  west  and  south-west  part.  The 
greatest  depths  in  the  German  moiety  occur  east  of  Gothland,  where  the 
sea  sinks  over  a  wide  area  to  below  200  meters,  and  attains  a  maximum 
of  —249  meters;  in  the  Swedish  moiety  they  are  found  north-west  of 
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Qotska  Sandd,  where  the  deep  region  is  less  extensive,  but  d 
sounding  gives  —828  meters,  the  greatest  depth  found  anywher 
Baltic.  It  is  very  remarkable  that  throughout  the  whole  distai 
the  latitude  of  Gothland  to  the  Skager  Rack  such  depths  as  t 
never  again  encountered 

The  three  passages  by  which  the  Baltic  communicates  with  th 
Back  differ  in  character.  A  depression,  reaching  a  depth  of  m 
—20  meters  and  continued  into  the  bay  of  LUbeck,  finds  its  pro) 
to  the  north-west  in  a  channel  which  subdivides  into  the  two  I 
Little  Belt  on  the  one  hand,  and  on  the  other  the  Great  Belt,  t 
proceeding  to  the  still  deeper  waters  lying  north-west  of  Zeala 
Sound  presents  towards  the  Baltic  a  broad  funnel-shaped  entranc 
depth  between  Copenhagen  and  Malmo  is  trifling,  and  only  in  the  i 
part  does  it  sink  below  —20  meters;  the  deeper  channel  in  t 
grows  broader  beyond  Helsingborg  and  enters  the  Cattegat. 

The  Baltic  receives  a  number  of  German  rivers  from  the  sc 
this  supply  we  must  add  the  contributions  from  the  gulfs  of  Riga 
and  Bothnia.  From  the  northern  part  of  the  Swedish  coast,  \ 
siderable  quantities  of  fresh  water  reach  its  basin;  but,  owin 
distribution  of  the  watershed,  the  southernmost  part  of  Sweden 
receive  the  drainage  of  the  higher  mountains,  the  rivers  divergii 
south-east  and  south-west  Thus  the  southern  end  of  the  Scai 
peninsula  forms  to  a  certain  extent  an  independent  hydrograph 
and  its  contribution  to  the  fresh  water  of  the  Baltic  is  comp 
trifling. 

We  possess  a  large  number  of  exact  observations  on  the  eun 
salinity  of  the  Baltic,  the  result  of  the  combined  efforts  of  Swedisl 
and  Russian  investigators,  and  as  well  of  the  invaluable  work  of  th 
ship  Pow/merania  and  the  Commission  for  the  scientific  investigati 
German  seas ;  we  can  only  quote  a  few  examples  ^. 

Let  us  first  return  to  the  trough  in  the  sea  of  Aland.  Hei 
hammer  found  a  salinity  of  0*592  per  cent,  at  the  surface,  0-725  p< 
a  depth  of  50  fathoms,  0-747  per  cent,  at  a  depth  of  100  fathoms,  i 
per  cent,  at  a  depth  of  158  fathoms  ^.  Thus  in  this  isolated  trou 
water  lies  at  the  bottom,  and  the  lighter  water  streams  away  abo\ 
the  salinity  increases  on  the  whole  towards  the  south,  we  encount 
direction  surface  densities  which  make  a  continually  nearer  apj 
the  densities  of  the  deep  water  further  to  the  north  in  the  sea 

^  Many  of  theee  have  been  collected  by  J.  Roth,  Allgemeine  and  chemischi 
I,  Berlin,  1879,  pp.  555  et  seq.  Of  the  older  works  1  will  only  mention  Baron 
Resultate  aus  meinen  Untersuchungen  (iber  die  Variationen  im  Salzgehalte  • 
wassers ;  Zeitschr.  ges.  Erdkunde,  Berlin,  1867,  II,  pp.  481-498. 

'  G.  Forchhammer,  On  the  Composition  of  Sea-water  in  different  parts  of  1 
Phil.  Trans.,  1865,  CLV,  pp.  203-262 ;  Ekman,  torn.  cit. 
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At  the  same  time,  there  is  a  good  deal  of  variation  according  to  the  season, 
the  direction  of  the  wind,  and  other  circumstances.  At  the  mouth  of  the 
golf  of  Finland  (Forchhammer),  and  between  Dago  and  Oesel  (Oobel),  the 
salinity  is  0<69  per  cent.;  thence  to  beyond  Bomholm  the  salinity  of 
the  surface  water  varies  from  0*71  to  0*75,  or  sometimes  even  to  0*78.  In 
the  deeper  water,  however,  the  salinity  is  greater,  and  in  the  sea  between 
Jershoft  and  Bomholm,  at  ^85  to  —90  meters,  a  percentage  of  1*633  was 
observed.  From  the  neighbourhood  of  Wamemiinde  onwards  the  salinity 
at  the  surface  has  already  risen  to  over  1-0  per  cent. 

We  now  approach  the  entrances  of  the  Baltic.  The  heavy  water  of  the 
North  sea  finds  its  way  in  through  the  deep  channels  of  the  Belts,  while 
the  light  water  of  the  Baltic  flows  out  over  it ;  but  during  calm  weather 
oomparatively  little  water  passes  from  the  North  sea  through  the  Sound, 
which  is  crossed  by  the  shallows  of  Drogden,  and  turns  its  funnel-shaped 
mouth  towards  the  Baltic.  An  interchange  takes  place  under  special 
conditions,  which  we  must  examine  now  more  closely  in  the  light  of  the 
detailed  and  invaluable  descriptions  of  Meyer  and  Earsten  ^. 

The  mean  salinity  at  the  surface  in  the  regions  east  of  Arcona,  in  the 
island  of  Rligen,  and  of  Tstad  in  Scania,  may  be  taken  as  0*75  per  cent., 
dS  the  coast  between  RUgen  and  Fehmam  at  1*0  per  cent.,  in  the  Sound  at 
1*25,  off  the  coast  of  Schleswig-Holstein  at  1-75,  off  the  Danish  coast  of  the 
Cftttegat  at  2'88,  at  Skagens  Bev  in  the  Skager  Rack  at  nearly  8*0,  and  in 
the  adjacent  parts  of  the  North  sea  at  8*25  per  cent  When  high  vrinds 
blow  steadily  from  the  Cattegat  for  any  length  of  time  the  undercurrent  in 
the  Belts  grows  stronger,  and  the  heavy  water  in  the  Sound  passes  over 
the  shallovrs  of  Drogden.  A  great  quantity  of  salt  water  then  accumulates 
in  the  south-western  part  of  the  Baltic,  and  an  increased  salinity  is  per- 
ceptible as  far  as  Riigen,  and  even  beyond.  The  subsequent  fate  of  the 
heavy  water  thus  introduced  is  not  known ;  it  probably  descends  into  the 
depths  situated  east  and  west  of  Gothland.  Some  years  may  then  elapse, 
the  salt  in  the  heavy  water  continually  diffuses  into  the  lighter,  and  this 
process  of  extraction  continues,  till  a  fresh  irruption  of  sea-water  occurs 
again. 

In  1869,  and  again  during  the  storms  of  October  31  to  November  1, 
and  November  7  to  11,  1872,  large  quantities  of  salt  water  were  thus 
driven  into  the  Baltic,  and  could  be  traced  to  the  east  of  RUgen.  Then,  on 
November  18,  there  came  out  of  the  east  and  north-east  the  great  cyclone, 
of  which  we  shall  speak  later,  and  drove  the  water  in  the  opposite  direction 

^  H.  A.  Mejer,  Periodische  Schwanknngen  des  Salzgehaltes  im  Oberflftchenwaaser  in 
der  Ostaee  und  Nordsee,  IV.  Bericht  der  Gomminion  sur  wisaenBcliaftlichen  Untenuchung 
der  dentflchen  Meere,  VII.-XI.  Jahrg.,  8.  Abth.,  fol.,  Berlin,  1884,  pp.  1-10;  and 
6.  Kanten,  Die  Beobachtungen  an  den  EttotenBtationen  und  Schifftbeobachtungen,  torn, 
citn  PP*  11-60. 
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into  the  North  sea.  In  the  winter  of  1878-4  heavy  water  w. 
introdnoecL  Lohme  in  RUgen  and  all  the  stationa  to  the  west 
an  unusually  high  salinity.  This  decreased  up  to  the  year  1875 ;  i 
that  time  onwards  the  salinity  in  the  whole  of  this  part  of 
experienced  a  much  slower  but  continuous  decrease,  which  lasted  : 
years.  In  the  spring  of  1882  heavy  water  again  entered,  but 
quite  restoring  the  salinity  of  previous  years. 

The  salinity  of  the  Baltic,  as  Elarsten  observes,  is  thus  a) 
dependent  on  the  periodic  irruption  of  water  from  the  North  sea ; 
of  a  line  drawn  from  RUgen  to  Tstad,  the  Baltic  presents  the 
of  a  great  brackish-water  lake.  Since  its  earlier  oommunicaticm 
sea,  a  continual  freshening  of  its  waters  must  have  taken  place 
question  arises  whether  this  is  still  in  progress,  or  whether  a 
stability  has  been  reached.  The  gradual  decrease  in  salinit 
a  series  of  years,  and  the  variations  which  regularly  follow  th< 
show  the  great  influence  of  the  rainfall  \ 

Earsten  estimates  the  whole  volume  of  the  water  in  the  Ba 
cubic  miles,  and  the  annual  contribution  of  fresh  water  at  1-5  cu 
so  that  if  the  form  of  the  basin  were  simple,  and  if  its  contents 
completely  displaced  across  the  entire  transverse  section,  fifty  yet 
suffice  to  fill  the  Baltic  with  fresh  water.  But,  as  it  is,  the  free 
duced  heavy  water  sinks  to  the  bottom,  and  in  isolated  places 
extent,  as,  for  example,  in  Wittlings  Euhle  in  Kiel  harbour, 
a  high  salinity  for  a  long  period.  At  the  same  time,  a  continue 
of  water  from  the  North  sea,  not  sufficient,  however,  to  render  tli 
uniform,  enters  through  the  deep  channels  of  the  Belta 

Under  these  circumstances  a  peculiar  movement  of  the  wal 
place  outside  the  entrances,  in  the  Cattegat  and  Skager  Rac] 
currents  exist.  The  first  is  the  great  oceanic  stream,  which  w 
west  coast  of  Jutland,  enters  the  Skager  Rack,  and  may  even  be 
on  the  Swedish  coast  opposite  Skagen ;  it  then  turns  outwards  ai 
the  west  coast  of  Norway.  As  far  as  this  current  extends  the 
flow  of  the  tides  are  clearly  marked,  but  further  towards  the  B 
become  increasingly  obscure.  The  second  current  branches  off 
first,  and  enters  the  Baltic  as  salt  water  in  the  way  we  have  just 
The  third  is  the  less  saline  outwards-flowing  current  of  the  Bal 
follows  the  Scandinavian  coast  to  beyond  cape  Lindesnas.  The 
rivers  of  the  southern  part  of  the  peninsula  open  on  this  part  of 
and  assist  in  lowering  the  salinity. 

The  investigations  of  Ekman  off  the  coasts  of  Bohuslan  give  a 
of  the  existing  conditions.  Sometimes  three  layers  of  water  nu 
tinguished  on  these  coasts :  an  upper  layer  derived  from  the  riv< 

^  Karsten,  mem.  cit.,  p.  40. 
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probably  never  extends  deeper  than  2  fathoms,  beneath  this  the  Baltic 
current,  and  beneath  this  again  the  saline  water.  In  the  parts  of  Bohuslan 
next  the  Cattegat  we  find  at  the  surface  of  the  Baltic  current  about 
2  per  cent,  of  salt,  at  a  depth  of  10  fathoms  2-5  per  cent.,  and  at  about 
15  fathoms  8  per  cent. ;  but  further  north  on  the  coast  bordering  the  Skager 
Rack  2*5  per  cent,  is  found  at  the  surface.  Where  the  Ootha-elv  enters 
the  sea  we  first  meet  with  2*5  per  cent,  at  a  depth  of  2  fathoms.  The 
water  of  the  North  sea  may  be  recognized  by  its  blue  colour,  and  sometimes 
the  dividing  line  is  so  sharp  that  at  some  miles  from  the  coast  water  of 
a  dififerent  salinity  may  be  found  on  opposite  sides  of  a  boat.  This  afibrds 
the  only  explanation  of  the  fact  that  on  the  Fjallbacka-Skargard  in  the 
Wader  islands,  which  proceed  from  north  Bohuslan  into  the  Cattegat, 
Ekman  observed  a  change  of  salinity  during  the  night  to  the  extent  of 
0-28  per  cent. 

As  regards  the  Skager  Rack,  we  may  introduce  here  a  transverse  section 
taken  by  the  German  ship  Pommerania.  In  the  harbour  of  Arendal 
a  salinity  of  1*088  per  cent,  was  observed ;  in  the  Skaren  of  the  Arendal- 
Qord,  1*572 ;  12  miles  north-west  of  Skagen,  2*83 ;  10}  miles  north-west  of 
Skagen,  2-95;  8  miles  north  of  Hirshals  in  Jutland,  8*28  per  cent. 

2.  Mean  level  an  the  Oerman  coast.  The  water  of  the  Baltic  is  in- 
fluenced, as  we  have  seen,  by  so  many  different  circumstances  that  a  long 
series  of  observations  and  a  careful  examination  of  the  data  are  necessary 
before  we  can  arrive  at  a  determination  of  the  mean  level  at  any  locality,  or 
form  an  opinion  as  to  whether  a  positive  or  negative  displacement  of  the 
level  is  now  taking  place  at  any  given  point  or  not.  From  an  examination 
of  a  great  number  of  observations,  made  at  many  places  on  the  Oerman 
coast  in  the  eighteenth  century  and  up  to  the  year  1875,  Hagen  arrived  at 
the  conclusion  in  1877  that  no  elevation  or  subsidence  whatever  was 
taking  place  on  this  coast,  but  that  the  water  sometimes  maintains  a  higher 
level  than  the  normal  for  as  much  as  a  whole  year,  and  that  consequently 
the  Baltic  has  not  always  the  same  height^.    Additional  information  of 

^  The  difficoltiet  attending  inyestigations  of  this  kind  may  be  seen  from  the  varietj 
of  reialts  obtained  in  the  course  of  yean  by  so  exact  an  observer  as  Hagen.  A  first 
comparison  of  the  heights  recorded  by  the  tide-gauges  on  the  (German  coast  in  1810-1844 
showed  for  Colbexgermfinde  a  trifling  elevation  of  the  sea-level ;  for  the  neighbouring 
town  of  Swinemfinde  and  all  the  harbours  of  the  provinces  of  Prussia,  on  the  other  hand, 
a  iubtidence  of  the  level,  increasing  towards  the  east  with  a  certain  regularity.  Doubt, 
however,  was  felt  as  to  the  constancy  of  certain  gauges ;  in  1845  control  levellings  were 
made,  and  in  1846-1864  these  showed  an  actual  oscillation  of  the  sea-level  at  certain 
places,  but  this  was  ascribed  to  the  wind.  At  the  same  time  the  influence  of  the  seasons 
on  the  sea-level  became  apparent.  With  the  farther  continuation  of  the  observations  to 
1875,  Hagen  maintained  that  lasting  elevation  or  subsidence  did  not  occur ;  that  the 
trifling  deviations  could  be  explained  by  alterations  in  the  course  of  neighbouring 
currents ;  that  in  some  years  a  higher  level  may  be  maintained  (e.  g.  in  1874,  4-8  inches) 
without  being  caused  by  the  wind.    We  must,  therefore,  infer  that  the  Baltic  has  not 
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a  very  trustworthy  nature  is  to  be  found  in  the  two  monographs  by 
Wilhelm  Seibt  on  the  mean  level  at  Swinemiinde  and  Travemiinde.  It 
appears  from  the  observations  at  Swinemiinde  during  the  years  1826  to 
1879  that  the  mean  error  of  the  probable  change  in  the  relative  level  is 
greater  than  the  observed  change  itself,  and  therefore  that  the  constancy 
of  the  level  of  the  Baltic  for  this  purpose  must  be  regarded  as  proved.  At 
Travemiinde  the  mean  error  deduced  from  the  series  of  observations  made 
in  the  years  1855  to  1884  approaches  so  closely  to  the  change  observed 
that  here  also  constancy  may  be  inferred. 

Further,  the  important  fact  has  been  observed  that,  in  spite  of  the  lower 
salinity  of  this  part  of  the  Baltic,  its  mean  level  stands  at  the  same  height 
as  that  of  the  North  sea  at  Cuxhaven,  or  rather  that  the  differences 
observed  are  less  than  the  mean  error.  As  bearing  on  some  remarks  to 
follow,  it  is  important  to  note  that  this  close  agreement  has  been  obtained 
by  leaving  the  station  of  Memel  out  of  account.  For  while  Pillau,  as  com- 
pared with  Cuxhaven,  gave  a  height  of  +  75*9  mm.  with  a  mean  error  of 
±  79'6  mm.,  from  which  identity  of  level  may  be  inferred,  Memel,  on  the 
other  hand,  gave  +  221-1  mm.  +  98*0.  Thus  Memel,  which  of  all  the  German 
stations  advances  furthest  into  the  Baltic,  certainly  affords  evidence  of 
a  considerable  positive  displacement  ^ 

We  may  conclude  from  these  observations  that  the  Baltic,  all  along  the 
German  coast  as  far  as  Pillau,  is  able  to  maintain  itself  in  equilibrium 
with  the  Ocean  through  the  Belts,  though  the  water  may  sometimes 
stand  at  an  exceptionally  high  level  for  several  years ;  but  beyond  Pillaa 
we  have  no  proof  that  this  is  the  case,  and  the  mean  level  at  Memel 
stands  at  a  greater  height.  Persistent  displacement  of  the  mean  level, 
either  upwards  or  downwards,  cannot  be  shown  to  occur  in  this  part  of 
the  coast. 

3.  OscUlatioTis  on  the  Swedish  and  Finnish  const.  The  opinion  expressed 
by  Nordenanker  in  1792,  that  the  Baltic  is  an  inland  sea  with  an  incom- 
pletely open  outlet,  and  that  the  oscillations  of  the  strand-line  are  merely 
the  result  of  irregularities  either  in  the  supply  or  discharge  (II,  p.  10),  has 
been  adopted  by  many  subsequent  observers.  In  1823  Nilsson  expressed 
himself  in  its  favour.    Robert  Chamhers  supported  it  in  a  paper  which  he 

always  the  same  height ;  G.  Hagen,  Die  preuBsisclie  OstseekilBte  in  Betreff  der  Frage,  ob 
dieselbe  eine  Hebung  oder  Senkung  erkennen  Iftsst,  Abh.  k.  Akad.  Wiss.  Berlin,  1865, 
math.  Abth.,  pp.  21-41 ;  by  the  same,  Vergleichung  des  Waaserstandes  der  Ostsee  an  der 
preossischen  Ktiste,  op.  cit.,  1877,  pp.  1-17,  and  Vergleichung  der  von  1846  bis  1875  an 
der  Ostsee  beobachteten  Wasserst&nde,  Monatsber.  k.  Ak.  Wiss.  Berlin,  1877,  pp.  559  to 
561.  Baron  Sass  arrived  at  the  same  results;  Untersuchungen  t&ber  die  Niveau- Ver- 
schiedenheit  des  Wasserspiegels  der  Ostsee,  £rman*s  Archiv,  1867,  XXV,  pp.  320-348. 

^  W.  Seibt,  Das  Mittelwasser  der  Ostsee  bei  Swinemfinde,  Publicat.  des  k.  preuss. 
geod&t.  Institutes,  4to,  Berlin,  1881 ;  and  by  the  same,  Das  Mittelwasser  der  Ostsee  bei 
Travemiinde,  op.  cit.,  1885. 
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oommunicated  to  the  Swedish  Academy.  On  November  14, 1849,  he  main- 
tained  that  the  supposed  constancy  of  level  in  the  Baltic  rested  on  no 
sufficient  proof;  on  the  contrary,  by  reason  of  its  numerous  affluents,  this 
sea  must  be  regarded  as  a  great  estuary,  its  affluents  may  diminish  in 
volume  and  its  channels  of  egress  become  enlarged;  a  determination  of 
level  was  consequently  indispensable.  Two  distinguished  investigators, 
A.  Erd/mann  and  Lovhi,  were  prompted  by  this  memoir  to  institute  a  fresh 
series  of  connected  observations.  It  seemed  to  them  probable  that  the  in- 
terior waters  stand  at  a  higher  level  than  the  open  sea,  and  that  the  wiek, 
the  gulf  of  Bothnia,  and  the  Baltic  form  three  basins  rising  out  of  the  sea 
in  successive  steps.  Swedenborg,  as  early  as  1719,  had  maintained  that 
these  inland  waters  stand  at  a  comparatively  high  level  Woldstedt,  when 
engaged  on  the  triangulation  of  Finland,  found  that  the  sea-level  at 
Ule&bord  stood  16  feet  higher  than  in  the  gulf  of  Finland,  and  though 
this  value  may  perhaps  err  in  excess,  it  nevertheless  deserves  attention  \ 

While  the  importance  of  fresh  observations  was  thus  becoming  recog- 
nized in  Sweden,  the  subject  received  renewed  attention  in  Finkmd 
Albin  Stjemcrmitz,  an  experienced  mariner,  who  as  director  of  the  pilotage 
of  Finland  was  peculiarly  well  qualified  to  form  an  opinion,  declared  him- 
self strongly  in  favour  of  Nordenanker's  view.  He  at  the  same  time  gave 
a  description  of  the  various  currents  of  the  interior  parts  of  the  sea; 
variable  currents  dependent  on  the  wind  occur  at  the  surface,  and  below 
these  the  great  normal  currents,  which  all  tend  towards  the  several  exits  of 
the  Baltic  and  depend  for  their  sole  motive  force  on  a  head  of  water 
driving  them  into  the  Ocean  '. 

In  the  year  1850  systematic  observations  were  commenced  under  the 
direction  of  A  Erdmann,  and  regular  daily  measurements  of  level  were 
made  at  a  number  of  lighthouses  around  the  whole  of  the  Swedish  coast. 
As  early  as  1855  a  preliminary  summary  of  the  results  was  published,  but 
this  revealed  numerous  sources  of  error  ^  X.  Holrnstrdm  was  then  deputed 
to  visit  all  the  stations  of  observation  and  to  scrutinize  the  method 
employed  at  each  place.  Next  Foreaman,  making  use  of  the  series  of 
observations  recorded  from  1852  to  1875,  attempted  a  fresh  co-ordination 

^  NilMon,  Uikast  till  en  geologiske  Beskrifning  Ofver  Sk&ne,  Phjsiogr.  Sftllsk.  Arsber&tt. 
Land,  1828,  in  particolar  p.  5 ;  Erdmann  och  Lov^n,  OBterqOns  medehuveau,  Ofven,  K. 
Yet.  Akad.  FOrh.  Stockholm,  1850,  VII,  pp.  86-49. 

*  Albin  SljemcreutK,  Anm&rkningar  rOrande  strOmmame  i  Oster^On ;  Act.  Soc.  ScL 
Fennicae,  HelsingforB,  1861,  VI,  pp.  869-898,  FOredrag,  1859. 

*  A.  Erdmann,  Om  de  lagttagelser  Of^er  VattenhOjdens  och  Yindames  FOr&ndringar ; 
OfVera.  K  Yet.  Akad.  FOrh.  Stockholm,  1855,  ny  fO\jd,  I,  a,  pp.  247-808,  map.  The 
pofiiion  and  other  details  relating  to  many  of  the  points  mentioned  here  have  been 
given  bj  J.  A.  Fagerholm,  Nivelliringar  och  ondersOkningar  af  YattenhOjdstationerna 
Tid  en  del  af  Sveriges  fyrar,  ntfor  i  tommaren  1878,  Offers.  K.  Yet  Akad.  Fdrh.,  1879, 
XXXYI,  pp.  21-87,  maps. 

"  Dd 
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of  the  facts,  and  obtained  important  resolta  \  The  work  of  Dr.  Hoi 
extending  over  many  years,  has  not  yet  been  published,  but,  witi 
disinterestedness,  he  has  had  the  kindness  to  famish  me  with  son 
most  important  data ;  in  particular,  the  readings  taken  from  thii 
gauges  or  marked  rocks  distributed  round  the  Swedish  coast ;  he 
provided  me  with  a  critical  discussion  of  the  relative  importa 
value  of  the  ancient  marks  of  reference.  I  have  also  receive 
valuable  assistance  towards  the  study  of  this  phenomenon  in  Swec 
my  esteemed  friend.  Professor  Nathorst  of  Stockholm. 

Side  by  side  with  the  work  of  Swedish  investigators  must  be  m 
the  monthly  mean  levels  recorded  at  eight  stations  cm  the  coast  of 
some  of  which  date  from  1858.     They  have  been  published 
interruption  by  Moberg,  and  are  of  great  importance  in  relatioi 
question  '. 

As  an  essential  preliminary,  we  must  b^in  by  distinguishing 
continuous  series  of  measurements  and  occasional  readings  tat 
marks  cut  in  the  rocks. 

Forssman  gives  tables  of  monthly  means  from  1852  to  1875  foi 
stations ;  but  five  of  these,  it  must  be  observed,  are  situated  nor 
Aland  islands,  where,  owing  to  the  rigorous  winter,  no  observe 
made  during  four  to  six  months  of  the  year.  On  the  other  1 
records  kept  in  Finland,  as  far  up  as  RSnnskar,  lat  63°  N.,  are 
for  each  month. 

As  regards  the  occasional  readings,  a  difficulty  arises  from 
that  we  have  no  knowledge  of  the  mean  level  at  the  time  t. 
taken,  and  that  the  height  of  the  water  is  affected  by  a  numbe 
and  temporary  circumstances.     In  Finland,  transitory  oscillat: 
occur  amounting  to  more  than  six  feet  in  the  course  of  a  single  ; 
is,  to  as  much  as  the  alleged  negative  displacement  during  a  ce 
a  half.    In  connexion  with  this,  Dr.  Holmstrom  writes,  *  In  the  Ca 
so-called  Tangrand  occurs,  that  is,  the  highest  continuous  line  c 
clitk  up  to  which  Fucua  vedculamia  grows.    The  tang-line  coin< 
closely  with  the  level  of  mean  tide,  or  that  level  which  the  peo 
coast  call  "  lagligt  vatten."    It  appears  never  to  lie  more  than  fro 
.centimeters  below  the  mean  tide  level,  as  directly  observed  at 
houses.    In  the  Baltic,  however,  there  is  no  tang-line,  or  at  leas 
well  defined ;  but  on  the  other  hand  another  line,  the  so-called 
is  found  there :  this  is  the  highest  limit  to  which  certain  species  • 
algae  grow.     In  what  relation  this  line  stands  to  the  mean 

^  L.  A.  Forasman,  Observationer  Ofver  VattenhOjden  vid  Sveriges  Kuster 
Vet.  Akad.  FOrh.,  1874,  ny  foljd,  XIII,  ii,  23  pp. 

*  A.  Moberg,  Om  Finska  Eastens  hOjning  under  &ren  1858-1872 ;  Offers. 
Soc.  Fork,  XY,  1872-1878,  pp.  118-128,  and  the  tables  in  the  foUowing  jeai 
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or  even  whether  it  remains  at  the  same  height  for  several  years,  as  the 
tang-line  certainly  does,  has  not  yet  been  determined.'  Thus,  not  only 
scientific  observations,  but  the  statements  of  the  inhabitants  on  the  shore 
are  of  more  value  in  the  Cattegat  than  in  the  wiek  of  Bothnia. 

We  now  pass  to  the  series  of  continuous  observations.  From  these 
Forssman  has  already  obtained  two  very  important  results,  which  find 
confirmation  in  observations  made  elsewhere. 

The  first  is  derived  from  the  vwnthly  Ttieans.  Every  year  the  mean 
level  of  the  sea  fiuctuates  with  the  seasons ;  it  does  so  from  the  islands 
of  Aland  to  the  coasts  of  the  Skager  Rack,  or  indeed  as  far  as  the  Swedish 
coast  extends.  The  curves  are  uniform,  and  the  incomplete  curves 
obtained  from  the  region  north  of  the  Aland  islands,  where  winter 
observations  are  wanting,  adapt  themselves  to  the  others.  Towards  the 
Cattegat,  however,  the  maximum  is  felt  later  than  elsewhere.  In  the 
Baltic  low  water  occurs  in  April  and  May;  then  the  level  rises  along 
the  whole  east  coast  of  Sweden,  attains  a  considerable  height  in  July  and 
August,  and  remains  high  until  November  or  December,  when  it  begins 
to  fall  once  more.  In  the  Cattegat  the  maximum  is  reached  somewhat 
later — towards  the  end  of  September  or  the  beginning  of  October,  and  is 
more  quickly  over.  The  curves  of  changing  level  on  the  east  coast  corre- 
spond, however,  to  the  annual  variations  in  the  rainfall,  as  determined  by 
Rubenson  ^ 

In  connexion  with  this  question  it  may  not  be  without  interest  to 
observe  that  lake  Ladoga,  as  shown  by  Woeikof  s  tables,  is  as  equally 
subject  to  seasonal  oscillations  as  the  Baltic  *.  But  even  outside  the  Baltic 
the  influence  of  the  seasons  on  the  level  of  the  water  still  makes  itself  felt 
on  the  less  saline  stream  of  the  Baltic  water  which  flows  along  the  west 
coast  of  Sweden. 

The  monthly  means  show  that  as  regards  the  seasonal  oscillations  the 
Baltic  stands  as  a  middle  term  between  the  Russian  lakes  and  the  Skager 
Rack. 

The  second  result  obtained  by  Forssman  is  derived  from  the  yearly 
meana.  So  far  as  yearly  means  have  been  determined,  that  is  from  the 
lock  of  Stockholm  to  the  station  of  Nord  Eoster  in  the  north  of  the 
Cattegat,  the  yearly  oscillations  present  a  remarkable  uniformity.  In 
1858  the  level  was  everywhere  low,  in  1854  everywhere  high;  then  it 
sank ;  in  1857  there  was  a  low  level  from  Stockholm  to  Tstad,  but,  as  an 
exception,  this  did  not  extend  into  the  Cattegat ;  the  succeeding  depression 
of  1860,  however,  was  felt  on  both  coasts,  and  equally  so  the  well-marked 

^  R.  Rubenaon,  NederbOrdsm&ngden  i  Sverige,  torn,  cit.,  No.  10 ;  cf.  in  particular  pL  i, 
fig.  1,  in  Rnbenson  with  fig.  1  in  Forssman. 

*  A.  Woeikof,  Schwankongen  des  Wasserspiegels  der  grossen  amerikanischen  Seen  and 
det  L$dogarQeet ;  Zeitschr.  Osterr.  Ges.  Meteor.  Wien,  1881,  XVI,  pp.  287-290. 
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TnATimnm  of  1808,  as  well  as  the  fall  whieh  ooeorred  towards  ] 
high  level  of  1878,  and  especially  of  1874^  and  finally  tlie  low  level 
The  carves  for  the  Cattegat  are  of  lees  amplitade. 

We  obtain  a  much  better  conception  of  the  whole  when  we  i 
acccmnt  the  observations  made  in  Finland.    EzcepticHial  phenoii 
of  special  importance,  by  reason  both  of  the  perturbation  they  i 
and  of  the  manner  in  which  this  perturbation  is  propagated.    ' 
extreme  of  these  perturbations  was  the  great  fall  in  the  yearly  n 
of  1874  to  1875 ;  this  I  have  attempted  to  represent  on  Plsi;e  ] 
fall  on  the  Finnish  coast  at  Bonnskir  (lat.  eST  N.)  amounted  to  2 
meters;  at  L5k»  lotsplats  (lat  60*  64^  N.)  to  26.2  cm.;  at  UtO  lo 
24-1  cm. ;  at  Jungfrusunds  lotsplats  (lat  50"  56'  N.)  to  28-8  cm. ; 
Udd's  inre  lotsplats  (lat  59*  48'  N.)  to  25  cm.;  at  Hango  Udd's  i 
the  entrance  to  the  gulf  of  Finland,  to  26*1  cm. ;  at  Porkala  Ic 
25-5  cm. ;  and  at  SSdersktirB  fyrUkk  to  24  cm.     The  northen 
of  Sweden  are,  as  we  have  seen,  summer  stations,  but  the  brok 
given  on  Plate  III  for  Malom  (lat  65*  N.)  and  Svartklubben  (lat 
show  that  this  group  of  stations  reveals  quite  analogous  n 
though  they  do  not  embrace  either  the  maxima  or  minima, 
dency  is  sufficient  by  itself  to  render  them  useless  for  the  deU 
of  a  mean. 

These  means  gave  a  faU  of  26-7  cm.  for  Malom  in  1875,  and  fc 
stations  of  over  20  cm. ;  the  lock  of  Stockholm  gave  22  cm.  At 
stations  along  the  Swedish  coast  the  records  are  broken,  strao 
just  at  the  minimum  which  occurred  in  April,  1875,  as  though  the 
had  been  inadequate  to  record  so  unusual  a  fall  (Gronska 
Norre  Udde,  also  Hallo  in  the  Cattegat;  Utklippan  is  only 
station).  Tstad  showed  only  13-9  cm.,  Swinemiinde  4*88  cm.,  Ti 
5.75  cm.,  Winga  in  the  Cattegat  (lat  57*^  88'  N.)  5^  cm.,  N< 
(lat  58*  54'  N.)  somewhat  higher,  8-0  cm.,  due  probably  to  tb* 
of  the  Norwegian  rivers. 

These  data  reveal  the  wide  distribution  of  the  disturbance 
same  time  its  progressive  exhaustion  towards  the  south, 
character  plainly  displays  itself  in  the  contrast  between  the  st 
of  the  north  (Plate  III)  and  of  the  whole  coast  of  Finland  to 
fyrbak,  and  the  much  flatter  curves  of  Tstad  or  the  Cattegat. 

Further,  a  curve  is  given  on  Plate  UI,  next  to  that  pl< 
Moberg's  figures  for  Hango  Udd's  fyrb&k  (1873  to  1875),  to  sho 
fall  at  Helsingfors  according  to  the  tables  of  Borenius.  It  w 
that  in  1878  the  minimum  rainfall  of  February  was  not  follow 
minimum  of  level  till  March  and  April ;  next,  in  October,  1873 
an  unusually  heavy  rainfall  of  139  mm.,  the  efiect  of  whici 
manifested  as  a  high  level  in  December  and  January,  and  su 
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as  the  water  flowed  away,  in  a  reduced  minimum  for  1874 ;  and  thus  it 
happened  that  in  1874  the  minimum  rainfall  of  February  was  not  followed 
till  May  by  a  minimum  level,  and  then  only  by  an  exceptionally  feeble 
one ;  at  the  same  time  the  mean  level  for  1874  was  unusually  high,  and 
indeed  somewhat  higher  than  that  for  1878,  the  year  in  which  the  great 
rainfall  of  October  had  occurred.  In  January,  1875,  the  curves  for  ram- 
fall  and  water  level  were  both  low ;  the  minimum  followed  in  March,  but 
the  low  value  of  the  mean  level  for  1875  did  not  result  from  this  minimum, 
but  from  the  very  small  amount  of  rainfall  and  the  very  low  level  of 
water  during  the  whole  summer,  autumn,  and  winter  of  1875. 

The  drop  in  the  annual  curves  from  1874  to  1875  is  thus  no  doubt 
dependent  on  the  rainfall ;  but  it  is  precisely  with  this  drop  that  Forssman's 
curves  happen  to  end,  and  consequently  the  mean  value  of  the  negative 
displacement  as  calculated  by  him  is  much  too  high. 

It  is  believed  that  the  annual  means  for  1852  to  1875  furnish  evidence 
of  a  general  negative  movement  of  the  strand-line.  This  is  no  doubt  the 
case ;  but  if  we  divide  the  twenty-four  yearly  means  into  six  groups  of 
four  years  each,  we  shall  find  a  negative  value  for  the  first,  a  positive  for 
the  second,  and  negative  values  for  the  remaining  four  groups. 

Thus,  in  addition  to  the  seasonal  oscillations  revealed  by  the  monthly 
means,  there  are  others  of  greater  amplitude  and  longer  period.  Although 
we  have  no  correspondingly  long  series  of  observations  in  the  case  of  lake 
Ladoga,  yet,  according  to  Tillo  and  Woeikof ,  oscillations  of  long  duration 
occur  here  also ;  and  in  this  connexion  attention  may  be  called  to  the  fact 
that  the  Neva  alone  contributes  to  the  Baltic  region  an  annual  supply  of 
fresh  water  estimated  to  amount  to  about  94  cubic  kilometers  ^. 

Such,  then,  is  the  nature  of  the  moveTnerU  of  the  etrandrlins  in  the 
Baltic.  Apart  from  local  or  temporary  influences,  such  as  atmospheric 
pressure,  the  driving  force  of  the  wind,  and  direct  radiation  from  the  sun, 
there  is,  on  the  one  hand,  a  secLSonal  oaciUcUion,  largely  dependent  on  rain- 
fall and  thaw,  and  on  the  other  an  oscillation  of  longer  period  affecting 
the  successive  annual  means^  and  characterized  at  the  preeefnt  da/y  by  a 
preponderant,  though  not  constant,  negative  value.  Further,  the  oscilla- 
tions have  a  larger  amplitude  in  the  north  than  in  the  south. 

It  may  be  observed  that  the  method  of  comparison  hitherto  employed 
is  not  well  adapted  to  the  purposes  of  this  inquiry,  since  the  means  are 
given  for  the  calendar  years,  and  these  embrace  the  second  half  of  one 
maximum  and  the  first  half  of  the  next  succeeding.  Thus,  as  may  be 
seen  from  Plate  III,  the  yearly  mean  for  1874  includes  two  maxima,  one 

^  k,  Woeikof,  LeB  Rivieres  et  lea  lacs  de  la  Russia,  Arch.  scL  phys.  et  nai.  Geneve, 
1885,  3*  s^r.,  XIII,  p.  45  et  seq. ;  A.  von  Tillo,  Die  MeereshOhe  der  Seen  Ladoga,  Onega 
nnd  Ilmen,  and  das  GeftUe  des  Ladoga^es,  Boll.  Acad.  Imp.  ScL  Saint-P^rsb.,  1886, 
XXX,  pp.  445-448. 
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for  1878  to  1874,  and  the  other  for  1874  to  1875,  and  in  the  no 
stations  this  is  especially  marked.  Woeikof 8  annual  means  fo; 
Ladoga  are  calcolated  by  phases,  i.e.  from  June  to  May. 

The  uniformity  now  known  to   characterize    the  oscillations 
increased  importance  to  the  long  series  of  exact  observations  mad 
1825  at  the  lock  of  Stockholm.     In  this  series,  also,  we  peroe 
alternation  of  positire  and  negative  signs,  bat  on  the  whole  the  n 
values  are  slightly  in  excess.    Thus  out  of  the  fifty  differences  betw 
fifty-one  annual  means  from  1825  to  1875  we  find  twenty-three  ] 
and  twenty-four  negative ;  and  three  times  only  have  the  successive 
means  been  equal.    The  sum  of  the  twenty-three  upward  display 
amounts  to  +142  cm.,  of  the  twenty-four  downward  displacem 
—189  cm.;  there  thus  remains  a  n^^ative  excess  of  —47  cm.    I 
is  only  the  difference  between  the  two  mean  levels  of  1825  and  18 
as  Forssman  has  done,  we  apply  to  the  whole  series  of  obsej 
a  rectilinear  equation,  and  then  proceed  according  to  the  method 
squares,  the  difference  is  reduced  from  —47  to  —18-7  cm.,  and  thi 
again  is  affected  by  the  exceptional  minimum  of  1875. 

These  considerations  show  with  what  caution  those  data  must 
which  rest  only  on  occasional  observations  of  marks  cut  in  the  rocli 
value  attaching  to  observations  of  this  kind,  however,  lies  in  the  grea 
of  the  periods  they  embrace,  since  they  indicate  the  positive  or  i 
character  of  the  excess  which  remains  after  addition  of  the  mo 
of  opposite  signs,  but  the  precise  value  of  this  excess  cannot  be  det 
from  them. 

4.  General  account  of  the  negative  displacement.  We  will  now 
to  give  a  general  account  of  the  observations  so  far  as  they  ha 
recorded  up  to  the  present  time ;  we  shall  consider  the  records  bot 
stations  where  daHy  observations  are  made  and  of  the  summer 
in  the  north ;  and  as  well  the  isolated  observations  on  marks,  mal 
for  this  purpose  of  the  information  so  kindly  provided  by  Dr.  HoL 
we  shall  also  take  into  account  the  results  obtained  in  Norway  and 
The  average  negative  displacement  which  may  be  deduced  for  ea* 
on  the  assumption  that  the  movement  is  uniform,  will  be  given  i 
meters  and  enclosed  in  parentheses. 

In  1839,  at  the  suggestion  of  Schive,  a  number  of  places  on  the 
Norway  were  provided  with  marks,  and  in  1865  Roll  concluded  f 
marks  on  the  southern  part  of  the  coast  that  the  mean  level  he 
The  marks  on  the  Atlantic  coast,  owing  to  the  great  range  of  tl 
yielded  no  results  of  any  value,  but  at  each  of  the  seventeen  stations 
Stavanger  and  Moss,  or  along  the  whole  north  coast  of  the  Skagi 
a  fairly  marked  negative  displacement  was  indicated ;  it  amounte 
whole  to  7  or  8  cm.  in  twenty-six  years  (about  0-3).    Roll,  however,  e: 
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states  that  the  number  of  obfiervations  was  too  small  to  give  any  real 
importance  to  this  result  \ 

On  the  east  coast  of  the  Cattegat  are  situated  the  three  stations  of 
continuous  observation,  Nord  Eoster,  Hallo,  and  Winga,  previously 
mentioned ;  reference  has  already  been  made  to  the  correspondence  of  the 
oscillations  recorded  by  them  with  those  on  the  Swedish  coast  of  the 
Baltic  during  the  period  1825  to  1875.  Some  earlier  marks  also  occur  on 
this  coast,  and  Holmstrom  obtained  fresh  measurements  from  them  in 
1886;  according  to  his  observations  the  results  for  1847  to  1866  may 
be  regarded  as  trustworthy,  and  for  this  period  a  negative  displacement 
of  15  to  20  cm.  (0*4-0*5)  is  found.  The  oldest  mark  on  this  coast  was  set 
up  by  Cronstrand  at  Marstrand  in  the  year  1770 ;  it  has  often  served  as 
a  reference.  This  gives  for  1770  to  1866  a  negative  movement  of  about 
551  cm.  (0-471)  >.  On  the  Vaderoame  (lat  58^  35'  N.),  situated  at  some 
distance  from  the  coast,  special  conditions  seem  to  be  dominant.  Forsell 
established  a  mark  in  1804;  Lov^n  in  1850  found  -59-51  (1*31),  and 
later  measurements  by  Holmstrom  gave  for  1850  to  1867  —13*5  cm.  (0*79), 
and  for  1867  to  1886  —13*5  cm.  (0-7),  indicating  a  greater  negative  dis- 
placement than  at  the  neighbouring  stations.  In  this  locality,  Fjallbacka, 
a  place  already  mentioned,  is  situated,  and  in  its  harbour  the  rock  of 
Gudmundskaret,  to  which  Linnaeus  appealed  in  proof  of  emergence.  In 
1532  this  rock  was  covered  by  the  sea;  in  1662  it  projected  a  little,  but  its 
exposed  summit  was  then  so  small  that  it  could  be  covered  with  a  hat ;  in 
1867  Holmstrom  found  that  it  had  attained  a  height  of  about  131  cm. 
above  the  tang-line.  This  is  certainly  the  most  striking  example  on  the 
whole  coast  of  Sweden. 

Dr.  Holmstrom  points  out  that  a  perpendicular  cliff,  250  feet  high, 
rises  above  FjaUbacka;  it  is  traversed  by  a  fissure  about  2  meters  wide, 
opening  down  to  a  great  depth,  and  certainly  more  recent  than  the  glacial 
deposits  which  crown  its  summit.  This,  he  considers,  indicates  a  dislocation 
«tm  in  progress  within  the  mountain  mass,  and  furnishes  an  explamttion 
of  the  local  inequality  in  the  movement  of  the  strand-line. 

The  fact  may  be  recalled  that  it  was  precisely  in  the  neighbourhood  of 
these  islands,  distinguished  by  so  marked  a  negative  movement,  that  Ekman 
encountered  waters  of  different  composition;  a  slight  change  in  the  pre- 
vailing course  of  the  currents  might  in  course  of  time  have  helped  to 
increase  the  differences. 

Near  Varberg  (lat  57""  6'  N.)  we  reach  the  last  point  at  which  measure- 
ments have  been  made  on  this  coast ;  and  no  data  have  been  obtained  from 

^  Roll,  Vandstandsobeeryationer,  udgivet  af  den  nonke  GradmaaliiigakominiBsioii, 
L  Heft,  4to,  Chiigtiania,  1882,  p.  9. 

*  Two  lines  exist  from  1770,  the  significance  of  which  is  not  qoite  dear ;  I  follow 
HolmstrOm*s  interpretation. 
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The  litUe  inland  of  Saiiholm,  near  Coponhageii,  has  laa^ 
cited  as  a  proof  of  the  constancy  of  the  sea-level;  it  is  sabmei] 
automn  and  winter,  and  diy  only  in  sommer,  and  thns  lies  with 
limit  of  the  annual  oscillations ;  yet  we  find  it  mentioned  as  early 
year  1280  ^    I  am  not  aware  of  any  recent  examination  into  the 
bat  it  may  be  pointed  oat  that  the  soathem  entrance  of  the  Soand  a 
Soand  itself  act  towards  the  outflow  of  the  Baltic  in  the  same  y 
the  opening  in  a  dam,  and  conditions  other  than  those  of  an  open 
dependent  on  the  pressure  and  velocity  of  the  discharge,  determ 
vertical  height  of  the  issuing  water.    Passing  disturbances,  such  as 
are  lost  for  the  greater  part  in  the  averages  on  which  the  curves  are 
by  these  curves  the  correspondence  between  the  oscillations  on  t 
coast  and  the  west  is  brought  to  li^t,  and  by  them  also  it  is  sho^ 
the  oscillations  must  necessarily  be  propagated  through  the  Sound, 
they  do  not  continue  to  maintain  the  same  amplitude. 

The  accounts  at  my  disposal  with  regard  to  Tstad  are  contra^ 
on  the  coast  of  Blekingen  a  n^^ative  displacement  of  unknown 
occurs.     As  to  Skallo,  near  Kalmar  (lat.  56°  41'  N.),  we  lea 
Wikstrom,  after  making  daily  observations  for  many  years  with 
to  determining  the  mean  level,  placed  a  mark  here  in  1760 ;  subsc 
Frigelius  in  1802,  and  Siljestrom  in  1844,  found  that  the  mean  leve 
exactly  coincided  with  the  ancient  mark.    It  is,  perhaps,  hard 
whether  the  conditions  which  prevail  in  the  narrow  strait  of 
resemble  those  which  seem  to  exist  in  the  Belt,  or  what  other  sigi 
must  be  assigned  to  these  ancient  observations;  it  is  certain  tha 
strom  found  a  negative  movement  here  also  to  the  extent  of  17  < 
1844  to  1886  (04).    The  values  found  by  Forssman  for  Utklippa 
a  summer  station  in  lat.  55*"  67'  N.,  and  for  Oeland's  Norre  Udde 
lat.  5r  22'  N.,  from  the  period  1852  to  1875, 1  will  not  venture  to 
with  Holmstrom's  results,  since  they  were  obtained  by  calculation. 

Towards  the  north,  as  far  as  Landsort  (lat.  58""  45'  N.),  tl 
formerly  a  general  negative  movement,  but  at  the  last-named  pla< 
been  thought  that  of  late  years  signs  of  a  positive  movement  a 
found ;  the  facts,  however,  are  not  definitely  established. 

Stockholm  (lat.  59**  19'  N.)  has  already  been  discussed ;  the  ne 
ing  stations,  GrOnskar  (lat.  59*  17'  N.)  and  Vedlosa  (lat.  59°  51' 
results  which  correspond  completely  with  those  of  Stockholm.  A 
to  Nordenskiold  and  Forssman  the  movement  at  Stockholm  from 
1825  amounted  to  -30  cm.  (0-59),  from  1825  to  1852  to  -11  ci 
and  from  1852  to  1875  to  -8  cm.  (0-82),  or  altogether  to  -49  ct 
years  (0-49). 

^  E.  von  Hoff,  Oeschichie  der  natarlichen  Ver&nderungen,  I,  p.  439 ;  Lyell, 
11th  ed.,  II,  p.  181  et  passim. 
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Further  north  on  the  Swedish  coast  we  have  now  only  marks  and 
summer  stations.  At  Djursten's  fyr  (lat.  GO""  22^  N.),  Forssman  calculates 
for  1852  to  1875  only  —3  cm.  (0*18);  this  point  lies  just  above  the  sea  of 
Aland,  but  calculations  based  on  the  observations  of  summer  stations 
cannot  be  used  for  comparison.  Whether  this  deep  is  a  colk,  perhaps 
caused  by  ice,  is  a  question  that  might  be  worth  investigation.  From  this 
locality  the  extent  of  the  negative  movement  appears  to  increase  towards 
the  north.  At  Lofgrundet  (lat.  GO"*  45^  N.),  where  a  mark  exists  made  by 
Budman  in  the  year  1731,  the  movement  has  already  become  considerable ; 
it  is  particularly  well  marked  in  latitudes  63°  and  64''  N.,  amounting  to 
more  than  1*0  cm.  in  a  year,  but  since  1850  there  has  been  a  falling  off. 
The  largest  total  difference  is  shown  by  the  rock  in  Ratan  (lat  64""  N.) 
marked  by  Hellant ;  this  gives  —123  cm.  for  the  period  1749  to  1869,  or  in 
120  years.  Here  we  are  already  within  the  Quarken.  In  Storebben  (lat. 
Bd"*  15'  N.)  another  mark  was  set  up  by  Hellant  in  1750 ;  the  observations 
may  be  interpreted  in  two  ways,  giving  for  the  interval  1750  to  1869 
either  —122  cm.  (1-02)  or  —155  cm.  (1*3).  In  any  case,  the  movement  at 
this  point  is  very  considerable,  but  here  again  the  readings  show  a  falling 
off  during  the  last  few  decades.  Malom's  fyr  (lat.  65*  32'  N.)  has  only 
been  under  observation  since  1852 ;  the  displacement  calculated  by  Forss- 
man is  only  —8  cm.  (0*32). 

On  the  west  coast  of  Finland,  Holmstrom  lays  special  stress  on  the 
marks  erected  by  Elinzius  in  1755  at  Berg5  (Vargo,  lat.  63''  N.)  and 
Rdnnskar  (30  kilometers  further  to  the  north-west) ;  they  indicate  a  par- 
ticularly uniform  movement ;  thus  the  record  of  Bergo  gives  from  1755  to 
1785,  according  to  Schult^n,  —43  cm.  (1*43),  from  1785  to  1797,  accord- 
ing to  C.  P.  Hallstrom,  -12  cm.  (1-20),  from  1797  to  1821,  according  to 
Brodd,  —35  cm.  (1*46),  and  from  1821  to  1852,  according  to  Stjemcreutz, 
—11*5  cm.  (0*35);  or  in  all  from  1755  to  1852  a  movement  of  —96*5  cm. 
(1*0).  The  record  of  Ronnskar  from  1755  to  1797  is,  according  to  Hall- 
strom, —  50-5  cm.  (1*20),  and  from  1797  to  1821,  according  to  Brodd,  —34-5 
cm.  (1*44). 

At  the  castle  of  Abo  (lat.  60""  25'  N.)  Gadolin  determined  the  water-level 
in  1750 ;  in  1841  it  stood  52*5  cm.  lower  (0-57).  Judging  from  the  observa- 
tions for  1858  to  1872  and  the  position  of  the  ancient  marks,  Moberg  in 
1873  concluded  that  a  movement  of  59*67  cm.  in  the  century  had  occurred. 
The  steep,  but  yet  uniform,  curves  obtained  for  Finland  from  the  observa- 
tions made  since  that  date  have  already  been  referred  to. 

Moberg's  observations  were  made  not  only  on  the  west  coast  of  Finland, 
but  also  over  a  large  part  of  the  north  coast  of  the  gulf  of  Finland.  At  the 
head  of  the  gulf,  near  the  ch&teau  of  Monplaisir,  not  far  from  Peterhof, 
F.  Schmidt  found  distinct  traces  of  a  negative  movement,  and  others  not 
quite  so  evident  near  castle  Tolsburg,  not  far  from  port  Eunda  on  the  south 
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coast  of  the  gulf.    On  the  other  hAnd,  the  east  coast  of  Oeael  1 
fomiahed  any  definite  evidence  \ 

Farther  south  the  movement  appean  to  decrease,  and  after  much  i 
tion  of  opinion  it  is  now  agreed  that  the  kmg-ccmtinued  obaervatioiifi 
German  coasts  prove  that  in  coarse  of  time  the  secondary  oacillatioi 
pletely  balance  each  other,  and  consequently  that  there  is  no  con^ 
movement  of  the  mean  level  either  in  a  positive  or  a  negative  direct 

Thus,  then,  in  Sweden  and  Finland  there  is  everywhere  negative 
ment  along  the  coast,  but  it  was  more  marked  in  the  eighteenth  < 
than  the  ninteenth.    Still,  even  where  it  attained  its  highest  val 
where  the  evidence  can  be  traced  back  for  over  a  century,  it  d 
amount  to  more  than  — 123  cm.  (Ratan,  lat.  64*  N.),  or  perhaps  — 
(Storebben,  lat.  Gd""  15'  N.);  to  these  loci  of  maximum  movem 
may  add  Gudmundskaret  near  the  FjaUbacka  in  the  Cattegat, 
probable  value  of   — 150  cm.,  but  this  displacement  may  stand 
connexion  with  local  conditions. 

It  is  in  the  north  that  the  indications  are  most  strongly 
At  Stockholm  the  negative  movement  may  still  be  clearly  perceive 
is  not  so  great  as  on  the  opposite  coast  at  the  entrance  of  the 
Finland,  whence  so  much  fresh  water  is  discharged.    The  movi 
continued  along  the  coast  of  Sweden,  with  an  unexplained  interru 
Calmar,  which  occurred  during  the  earlier  years  of  observation.   It 
to  beyond  Carlskrona,  but  from  the  south  accounts  are  defective  or  u 
In  the  Sound  it  seems  to  be  far  feebler ;  then  it  reappears  and  c 
with  great  uniformity,  though  in  diminished  amount  (except  on  ti 
roame),  along  the  coast  of  the  Cattegat,  always  accompanying  tb< 
from  the  Baltic ;  obscure  traces  of  the  movement  also  occur  along  t 
coast  of  Norway  to  beyond  Lindesnas  and  towards  Stavanger,  or 
the  less  saline  water  of  the  Baltic  can  be  traced  as  an  independent 

On  the  opposite  coasts  of  Denmark  and  Germany  not  a  sigi 
movement  is  to  be  detected;  in  this  region  a  freer  interchange 
takes  place  through  the  Belts;  as  far  as  Pillau  the  Baltic  stam 
same  level  as  the  Ocean,  and  no  movement,  negative  or  positive 
discerned. 

The  question  now  arises  whether  it  is  possible  to  discover  a  cftro 
limit  to  this  great  process.  Browallius  cites  against  Celsius  the 
in  west  Finland  very  aged  trees  are  to  be  seen  at  a  trilling  heig 
the  sea :  the  numbers  he  gives  are  taken  from  an  accoimt  by  Gadd 
810  years  old,  was  to  be  seen  at  Biem5,  rooted  two  yards  above  the  t 
the  water ;  if  the  sea,  Browallius  remarks,  actually  sinks  forty-five 

^  F.  Schmidt,  Einige  Mittheilnngen  dber  die  gegenw&rtigen  Eenntnisse  de 
and  pottrglacialen  Bildungen  im  silurischen  Gebiet  von  Esthland,  Oesel  und 
land ;  Zeitschr.  deutsch.  geol.  Ges.,  1884,  XZXVI,  p.  272. 
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a  centuiy,  then  this  tree  must  have  been  seated  under  water  for  220  years ; 
similar  conclusions  were  obtained  from  a  pine  near  Hitis  in  the  Eirchen 
sund,  282  years  old,  one  yard  above  the  water,  oaks  300  years  old,  three 
yards  above  it,  and  from  other  examples  \  Although  the  measurements  of 
the  height  above  the  water  are  evidently  only  approximate,  yet  they  give 
fairly  exact  information  a.s  to  a  fact  of  great  importance.  The  observations 
have  never  been  disputed ;  on  the  contrary,  Lyell  himself  affirms  that  he 
has  seen  extremely  ancient  oaks  near  Stockholm  only  eight  feet  above  the 
water '.  Hogbohm  ha.s  made  measurements  bearing  on  the  question  in 
Westerbotten,  a  part  of  the  Swedish  coast  where  the  movement  is  greatest. 
Here  in  sheltered  spots  the  sea  is  bordered  by  a  bare  strip  of  land,  which 
marks  the  limit  of  the  yearly  oscillation ;  above  this  comes  a  narrow  belt  of 
alders,  then  the  fir  wood&  At  Eallwiken,  firs  fifty-five  to  sixty  years  old 
stand  three  feet  above  the  belt  of  alders.  Assuming  that  the  annual 
oscillations  have  remained  the  same,  then  the  negative  movement  during 
the  last  fifty  years  cannot  have  amounted  to  more  than  three  feet,  i.e. 
89  cm.^    The  readings  from  the  marks  lie  within  this  limit. 

Let  us  now  return  to  the  earlier  observations,  and  take  for  example  the 
years  1730  to  1740  as  the  mean  date  of  the  most  important  observations  of 
Celsius,  Linnaeus,  and  Browallius.  At  this  epoch,  Celsius  estimated  the 
negative  movement  at  4*5  feet  in  a  century,  or  1*33  cm.  per  year.  The 
readings  obtained  from  the  rock  of  Ratan  (lat.  64''  N.)  gave  1*14  cm. 
per  year  for  the  years  1749  to  1774,  and  those  from  the  rock  of  Storebben 
(lat  65°  15'  N.)  gave  143  cm.  for  the  years  1750  to  1785.  On  the  west 
coast  of  Finland  the  displacement  for  about  the  same  period  should  be 
1-2  cm.  There  is  thus  a  somewhat  close  correspondence  with  the  estimate 
of  Celsius.  But  it  is  impossible  to  reconcile  the  assumption  of  the  per- 
sistence of  this  movement  in  the  remote  past  with  the  observations  of 
Browallius  on  the  position  of  ancient  trees.  As  early  as  1700,  Davidson 
established  a  mark  in  the  north  of  the  gulf ;  and  in  1702  Hjame  published 
observations  on  a  fall  of  the  water  level,  which,  according  to  contemporary 
accounts,  must  have  been  very  striking ;  but  during  the  last  decennium  of 
the  nineteenth  century  a  general  falling  ofi*  of  this  movement  has  made 
itself  evident. 

Thus  it  would  appear  that  the  movement  was  particularly  rapid  at  the 
end  of  the  seventeenth  and  the  beginning  of  the  eighteenth  century,  and  is 
now  diminishing. 

The  conclusions  to  which  Qrewingk  was  led  as  to  the  result  of  a  study 

^  Browalliug,  Historiache  and  phyBikalifiche  Untenuchung,  p.  241  et  seq. 

'  C.  Lyell,  On  the  Proofii  of  a  gradual  Rising  of  the  Land  in  the  Central  Parts  of 
Sweden ;  FhiL  Trans.,  1885,  GXXV,  p.  13. 

*  A  G.  H0gbom,  Dm  sekol&ra  h^ningen  vid  Vesterbottens  Kust ;  Geol.  FOren.  Stockh. 
F6rh.,  1887,  IX,  pp.  19-25. 
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of  some  prehistoric  remainB  are  also  worthy  of  consideratum ;  tl 
by  no  means  opposed  to  the  existence  of  a  n^^ative  movement, 
certainly  inconsistent  with  the  assumption  of  a  constant  rate.    Tt 
of  negative  movement  at  castle  Tolsboig,  on  the  south  side  of  the 
Finland,  have  already  been  mentioned.    Not  far  above  Tolsbuig,  h 
there  occurs  at  Eunda,  180  feet  above  the  sea,  a  white  calcareoi 
the  deposit  of  a  fresh- water  lake,  containing  abundant  remains  of 
which  lived  by  fishing  and  the  chase,  together  with  bones  of  a 
pike.    The  age  of  the  settlement  is  estimated  at  about  2,000  yc 
judging  from  the  rate  of  negative  movement  now  in  progress  on  t 
of  Finland,  the  lake  of  Eunda  2,000  years  ago  must  have  been  su 
beneath  the  sea,  and  even  if  we  take  only  half  the  present  rate  w 
the  same  result.    Rising  near  the  river  Salis,  which  flows  from  ] 
into  the  gulf  of  Riga,  is  a  hill  known  as  the  Rinne,  an  elongatei 
of  kitchen  d^ris ;  this  affords  evidence  against  any  considerable 
ment  of  the  strand-line,  such  as  would  result  from  the  aocumulab 
of  centuries.     On  the  other  hand,  judging  from  the  presence  of  c 
the  kitchen  middens,  Baer  has  concluded  that  at  the  exits  of  tl 
particularly  in  Zealand  and  Funen,  the  sea  was  Salter  than  at 
The  castles  of  Werder  (built  1284)  and  Arensberg  (built  1221) 
impression,  according  to  Qrewingk,  of  a  state  of  things  which  ha 
no  appreciable  change  for  many  centuries  K 

Thus  we  arrive  at  the  following  results : — 

The  Baltic,  together  vrith  the  gulfs  of  Bothnia,  Finland,  an< 
supplied  by  numerous  rivers  with  a  vast  volume  of  fresh  water 
munication  with  the  Ocean  is  more  or  less  restricted ;  and  it  con 
possesses  a  very  low  degree  of  salinity.  In  its  more  remote  parts 
is  fresh  enough  to  drink.  Strong  currents  move  from  the  ii 
towards  the  Baltic.  In  the  Belts  there  are  under-currents  of  i 
and  upper  currents  of  less  salinity  which  flow  outwards ;  salt  y? 
exceptionally  passes  through  the  Sound  into  the  Baltic.  A  strong 
of  Baltic  water  proceeds  from  the  Sound  along  the  coasts  of  S( 
towards  cape  Lindesnas  and  the  Ocean. 

The  sea  along  the  German  coasts,  except  at  Memel,  stands  aj 
height  as  the  Ocean ;  in  the  north  no  recent  determinations  of 
been  made ;  the  ancient  observations  show  a  considerably  high< 
the  water  in  the  gulf  of  Finland,  and  a  still  higher  in  the  gulf  of 

A  negative  movement  now  in  progress  may  be  traced  fronc 
of  Bothnia  and  the  gulf  of  Finland,  along  the  whole  coast  of  I 

^  C.  Grewingk,  Die  neolithischen  Bewohner  von  Eunda  in  Esthland, 
esthnisch.  Ges.  Dorpat,   1884,  XII,  pp.  1-133,  maps;   K.  von  Baer,  Ueb4 
Project,  Austernb&nke  an  der  russischen  OstseekOste  anzulegen.  Bull.  Aca 
Saint-P^terab.,  1862,  TV,  pp.  85-47. 
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far  as  the  Skager  Back ;  it  is  perhaps  continued  along  the  coast  of  Norway 
to  cape  Lindesnas  and  Stavanger.  It  follows  the  current  of  less  saline 
water  flowing  out  of  the  Baltic.  On  the  coasts  of  Jutland  and  Qermany 
there  is  no  movement.  In  the  narrow  parts  of  the  Sound  it  appears  to  be 
veiy  inoonsiderabla 

The  monthly  means  on  the  coast  of  Finland  and  the  east  coast  of 
Sweden  show  an  annually  recurring  oscillation.  The  rise  of  the  curve  is 
caused  by  the  swelling  of  the  rivers  during  the  breaking  up  of  the  ice  and 
the  melting  of  the  snow  and  the  fall  of  rain.  The  same  curve  is  given  by 
the  monthly  means  of  the  west  coast,  but  with  a  somewhat  later  rise  of 
less  duration.  Off  the  coast  three  layers  of  water  may  be  distinguished — 
the  uppermost,  formed  by  the  fresh  water  of  the  neighbouring  rivers,  as 
much  as  two  fathoms  in  depth,  beneath  it  the  outflowing  Baltic  current, 
and  below  this  again  the  heavier  bottom  water  of  the  Cattegat. 

The  curves  of  the  annual  means  for  1852  to  1875  reveal,  according 
to  ForssmaUi  a  remarkable  correspondence  between  the  oscillations  of  the 
east  coast  and  those  of  the  west,  high  yearly  means  on  the  east  coast 
always  corresponding  to  a  high  level  on  the  west  coast,  and  so  on.  The 
corves  on  the  west  coast  are,  however,  not  so  steep  as  those  on  the  east. 
At  the  Fjallbacka  some  local  influence  makes  itself  felt. 

Judging  from  the  evidence  afforded  by  ancient  trees,  the  negative 
movement  must  have  been  very  pronounced  towards  the  close  of  the 
seventeenth  century;  it  continued  through  the  eighteenth  century,  and 
is  now  diminishing.  This  negative  phase  can  hardly  have  set  in  very 
much  before  the  end  of  the  seventeenth  century. 

The  conclusion  to  be  drawn  from  these  facts  is,  in  my  opinion,  that 
Nordenanker,  Chambers,  and  Stjemcreutz  have  rightly  interpreted  this 
phenomenon.  It  is  a  question  of  climatology  and  hydrostatics,  not  of 
tectonic  geology.  That  which  happens  is  an  emptying  otU  of  the  water, 
not  a  rise  of  the  land.  Even  if  we  were  willing  to  concede  so  extensive 
an  elevation  of  the  lithosphere,  we  should  still  be  unable  to  explain  why 
this  movement  should  be  restricted  solely  to  the  region  of  the  Swedish 
coast  and  of  the  outflowing  Baltic  current,  while  on  those  coasts  where 
there  is  a  more  active  interchange  of  water,  i.  e.  the  coasts  of  Denmark 
and  Germany,  it  is  absolutely  imperceptible.  The  monthly  means,  with 
their  seasonal  variations,  show  in  an  irrefutable  manner  that  the  level  of 
the  water  is  dependent  on  the  drainage  from  the  land;  and  the  annual 
means  of  the  east  and  west  coasts  of  Sweden  reveal  a  uniformity  in  the 
continual  oscillation  of  positive  and  negative  displacements  which  is 
absolutely  irreconcilable  with  movements  of  the  lithosphere. 

Nordenanker  left  unsolved  the  question  whether  the  decrease  in  the 
volume  of  the  water  is  due  to  diminution  of  the  supply,  or  to  an  enlarge- 
ment of  the  exits.    If  the  latter  were  the  case,  then  the  volume  of  the 
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outflowing  corrent  should  have  inereaaed  at  the  mouth  of  the  Sou 
it  is  decreasing,  consequently  there  must  be  a  decrease  in  the  snppl; 
abatement  of  the  negative  movement  now  in  progreas  ought 
expression  in  a  gradual  increase  in  the  rainf alL    Unfortunately 
not  possess  trustworthy  data  on  which  to  base  an  inquiry  as  to  a 
change  of  rainfall  in  this  r^on.    Bubenson  finds  that  the  older 
kept  at  neighbouring  localities  are  contradictory,  and  consequently 
Bljrtt  has  been  led  by  various  considerations  to  conclude,  and  c 
with  good  reason,  that  Scandinavia  has  passed  through  great 
changes,  but  we  cannot  determine  with  certainty  the  nature  of  the 
phase.    The  data  bearing  on  the  Scandinavian  glaciers  collected  1 
scarcely  lead  to  any  definite  result.    Svenonius  has  found  traces  o< 
pine  forests  at  many  places  in  Lapland ;  they  occur  even  above  tfa 
of  birches,  and  sometimes  extend  many  miles  beyond  the  exist 
forests  of  the  present  day.    Places  exist,  which  the  Lapps  call  '  t 
where  a  large  patch  of  snow  lies  fnnn  year  to  year:  in  the  heat  of 
the  reindeer  are  driven  to  these  spots.    According  to  the  statei 
the  Lapps  the  tsuoptsa  have  been  gaming  in  sice  and  number  w 
memory  of  man.    It  would  seem,  however,  that  certain  climati 
affect  the  entire  globed 

The  monthly  oscillations  attain  their  greatest  range  in  the 
Bothnia,  owing  to  the  influx  of  fresh  water  which  pours  in  from 
and  west,  and  because  the  conditions  are  there  least  favourable  to 
tion.  The  negative  movement,  which  is  disclosed  as  the  final  rest 
collective  observations  of  a  century,  is  strongest  in  the  north  becai 
the  conditions  already  described,  the  general  slope  of  the  Baltic  ^ 
changed,  and  this  finds  its  clearest  expression  in  those  parts  whicl 
remote  from  the  exits.  It  was  at  one  time  believed  that  the  ek 
the  land  continued  to  increase  still  further  to  the  north,  and  wac 
at  the  North  cape ;  but  neither  from  the  North  cape  nor  from  f 
locality  on  the  north  and  west  coast  of  Norway  do  I  know  of 
vincing  proof  of  a  negative  movement  at  present  in  progresa 

Special  attention  was  directed  to  this  absence  of  evidence  by 
and  Lov^n  in  1850,  when,  in  the  remarkable  treatise  already  n 
they  prepared  the  way  for  the  new  system  of  measurements^, 
opinion  the  Baltic  must  certainly  be  regarded  as  an  inland  sea, 
the  surplus  of  fresh  water  is  obstructed  in  its  outfiow  by  land  an 

^  A.  Blytt,  On  Variations  of  Climate  in  the  cooTBe  of  Time,  Christiania 
FOrh.,  1886,  No.  8,  pp.  21-24,  and  in  many  other  publications ;  A.  Heim,  Ha: 
Gletscherkunde,  8vo,  Stuttgart,  1885,  p.  517;  Svenonius,  Studier  vid  Sven 
Sver.  geoL  UndersOk.,  ser.  C,  No.  61  (and  Geol.  FOren.  Stockh.  FOrh.,  1884,  I> 
pp.  1  to  86,  map. 

•  Erdmann  och  Lov^n,  Offers.  K.  Vet.  Akad.  FOrh.,  1850,  VII,  p.  45. 
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and  in  which  the  level  most  probably  does  not  coincide  with  that  of  the 
Ocean;  they  discuss  the  question  of  a  decrease  in  the  influx  and  of  the 
slope,  but  conclude  that  the  vast  surface  of  the  Baltic  could  scarcely  be 
influenced  by  these  factors  to  the  extent  indicated  by  the  marks.  Under 
any  circumstances  it  is  impossible  to  determine  the  extent  to  which  the 
land  is  elevated,  until  the  value  of  the  possible  fall  of  the  water  level  is 
definitely  known.  The  inequalities  of  the  movement  indicated  by  the 
ancient  marks  must  be  referred  to  movements  of  the  land  itself,  and  may 
perhaps  stand  in  causal  connexion  with  local  earthquakes. 

The  results  obtained  by  Dr.  Holmstrom,  to  whom  I  am  indebted  for  so 
much  valuable  information,  tend  in  the  same  direction,  but  are  much  more 
definitely  expressed.  The  displacements  on  the  west  coast  of  Sweden,  as 
on  the  coast  of  Finland,  correspond  so  closely  that  they  can  scarcely  be 
referred  to  movements  of  the  lithosphere.  Tet  certain  facts  are  known 
on  the  west  coast  of  Sweden  (Fjallbacka)  which  render  it  probable  that 
local  dislocations  of  the  earth's  crust,  perhaps  of  the  nature  of  faults,  also 
occur  \ 

A  local  dislocation  of  this  kind,  whether  it  can  be  proved  to  exist  at 
Fjallbacka  or  not,  is  a  very  different  thing  from  that  uniform  elevation  of 
the  mainland  extending  to  beyond  the  North  cape  which  was  imagined 
by  von  Buch,  or  from  that  tilting  movement  of  the  whole  peninsula  which 
Lyell  thought  he  could  recognize. 

Thus,  as  regards  the  general  secular  elevation  of  the  Scandinavian 
peninsula,  the  source  and  origin  of  the  theory  of  devotion,  definite  evidence 
is  entirely  vxinting.  The  uniformity  of  the  oscillations,  which,  save  for 
rare  exceptions,  is  ever  being  rendered  increasingly  apparent  by  the  recent 

^  With  regard  to  a  second  case  to  be  referred  here,  Dr.  HolmstrOm  writes :  '  Near 
SMra  St&cket  (lat  SO"*  IS'  E.,  south-east  of  Stockholm)  the  Sound  between  VermdGn  and 
the  continent  was  cleared  in  1704  to  facilitate  navigation.  A  mark  was  then  canred  on 
each  side  of  the  Sound  at  the  same  height,  twelve  feet  above  the  surface  of  the  water.  In 
1855  these  marks  were  measured,  and  it  was  found  that  they  were  not  at  the  same  height, 
but  one  of  them  was  1*16  feet  (94«5  cm.)  higher  than  the  other,  the  two  marks  standing 
respectively  14-95  and  13*79  feet  above  the  surface  of  the  water.  A  measurement  made 
in  1879  gave  the  heights  as  14«78  and  13-67  feet,  i.  e.  a  difference  of  1-06  feet  (31*5  cm.). 
The  measurements  of  1855  and  1879  are  thus  very  nearly  the  same.  If  the  measurements 
in  1704  were  correct,  then  these  two  points,  which  are  about  131  meters  apart,  must  have 
been  elevated  unequally  until  1855,  i.  e.  the  continent  must  have  been  raised  2*95  feet 
(87  cm.)  and  the  island  1*79  feet  (52*25  cm.)  in  the  course  of  151  years,  or,  on  an  average, 
0*58  and  0^  cm.  annually.  From  1855  to  1879,  on  the  other  hand,  no  change  of 
importance  took  place  in  the  relative  position  of  the  points,  while  their  behaviour  as 
regards  the  sea-level  indicates  a  subsidence  rather  than  an  elevation.  These  remarkable 
observations  on  the  unequal  movement  of  points  in  such  close  proximity  are  so  tar 
unique.  ...  No  definite  conclusion  can  be  drawn  from  them/  In  another  passage 
Dr.  HolmstrOm  discusses  the  possibility  of  a  fault.  Erdmann  believes  that  an  error  was 
made  in  the  original  marking,  and  the  probable  source  of  the  error  is  discussed  by 
BOrtxeU  in  Ofvers.  K.  Vet  Akad.,  1879,  XXXVI,  p.  87,  note  2. 
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daily  observations,  shows  that  the  facts  observed  may  be  much 
explained  by  a  diminution  in  the  influx  of  this  isdated  basin,  a 
evident  dependence  of  the  greatest  disturbances  of  the  water  Ic 
exceptional  variations  in  the  rainfall  clearly  point  in  the  same 
tionK 

5.  Submerged  fareda  and  peat  bogs  of  the  North  eea.  The 
channel,  that  arm  of  the  sea  which  separates  England  and  Fr 
broad  in  the  west  and  grows  narrower  towards  the  east  Itf 
diminishes  in  the  same  direction,  and  near  its  narrowest  part  riset 
marine  ridge.  The  flood  tide  sweeps  strongly  into  the  Channel  f 
west,  and  pours  across  the  ridge  into  the  North  sea. 

These  facts  led  to  the  notion  that  the  Channel  itself  was  oi 
a  bay  opening  to  the  west,  and  that  the  tide,  assisted  by  stor 
destroyed  a  ridge  of  land  which  long  ago  united  England  with  i 
tinent.  As  early  as  1717,  Musgrave  wrote :  Cowiludirnus  .  . .  Brit 
non  iam  inde  ah  initio  fuieee  irheulaniy  eed  ex  pa^ne-insvla  fa4:tan 
vt  videtur,  a  vento  e  eaeviorihue  aliquo,  cu/m  marie  aeetu  con 
et  iethm/wm  perrumpente,  Buache  shared  this  view,  and  D 
advocated  it  in  an  admirable  treatise  in  1751'. 

The  Baltic  has  already  shown  us  how  difficult  it  is  to  pronoui 
certainty  on  events  so  remote,  and  also  that  a  close  examination  of  t 
facts  may  bring  to  light  a  far  greater  complexity  than  might  at  f 
been  expected.  We  have  only  to  turn  to  the  cliflb  of  Sangatte,  net 
to  perceive  that  manifold  alternations  have  occurred  in  the  pre 
alsa  At  the  top  is  a  mixture  of  whole  and  broken  flints  in  bro 
some  three  to  seven  meters  in  thickness;  it  contains  no  fossils 
is  a  bed  fifteen  to  twenty  meters  thick,  formed  of  chalk  ml 
irregular  intercalations  of  sand;  this  has  afibrded  EUphae  prii 
Succinea  oblonga.  Pupa,  Helix,  and  other  fossils.  We  have  h 
a  terrestrial  formation,  with  somewhat  of  a  Loess  fauna,  exposi 
clifis  along  the  coast  and  plainly  indicating  a  former  land  comie: 
England.  Beneath  this  bed,  however,  we  find,  according  to  B 
Barrois,  coarse  marine  sand  with  Purpura  lapUlua,  Littorina 
TeUina  baltica,  and  other  species  characteristic  of  the  existing 
the  North  sea.  From  this  we  must  conclude  that  this  region  was 
by  the  sea  before  the  land  communication  was  established ;  anc 

^  E.  Brfickner  has  recently  come  to  the  same  conclusion ;  Die  Naturforschei 
by  0.  Schumann,  4to,  Tabingen,  1887,  pp.  291-298. 

*  W.  Musgrave,  De  Britannia  quondam  paene  Insula  Dissertatio,  Phil.  Trai 
1717,  XXX,  pp.  589-632 ;  N.  Desmarets,  L*Ancienne  Jonction  de  TAngleterre  i 
ou  le  Detroit  de  Calais,  sa  formation  par  la  rapture  de  Tisthme,  &c,,  Ouvi 
TAcad.  d'Amiens  en  Tann^  1751 ;  reprinted  by  MacEean  &  Co.,  8vo,  I 
map. 
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observe  in  passing  that  the  succession  exposed  here  shows  that  the  existing 
marine  fauna  is  older  than  the  Mammoth  K 

Ancient  tradition  throws  no  light  on  the  circumstances  which  led  to 
the  isolation  of  Britain,  for  Vergil's  often  quoted  words,  Penitus  toto 
diviaos  orbe  Britannos,  can  scarcely  be  regarded  as  evidence.  It  is  well 
known  also  that  about  the  year  330  B.c.  Pytheas  of  Massilia  sailed  through 
the  Channel.  On  the  other  hand,  Nilsson  thought  he  could  recognize,  in 
the  more  important  cases  of  inbreak  and  destruction  on  the  coasts  of  the 
North  sea,  traces  of  the  Cimbric  flood  mentioned  by  many  authors  of 
antiquity ;  this  catastrophe,  which  occurred  somewhere  about  360  to  850 
B.G.,  is  said  to  have  driven  the  Cimbrians  to  seek  new  dwelling-places,  as 
Florus  writes:  qv/u/m  terras  eorum  Ocean/us  inundaaaet^  Many  subse- 
quent observers  have  supported  Nilsson  in  this  conjecture.  England, 
Holland,  and  the  west  of  Denmark  furnish  us,  however,  with  many  records 
relating  to  violent  floods  and  irruptions  of  the  sea  which  have  occurred 
since  that  time,  and  of  which  some  traces  still  exist.  They  have  sometimes 
assumed  the  character  of  true  deluges ;  thus  the  flood  of  1277,  which  gave 
rise  to  the  Dollart  at  the  mouth  of  the  Ems,  destroyed  forty-three  parishes 
and  caused  the  death  of  80,000  persons  in  Friesland ;  or,  again,  the  grosse 
Mandrankd  (great  drowning  of  men)  of  September  8, 1362,  which  engulfed 
thirty  parishes,  and  tore  away  great  parts  of  the  islands  of  Sylt  and  Fohr. 
The  great  flood  of  Christmas,  1717,  drowned,  according  to  the  statements 
of  Arefnda  and  Eilker,  10,828  persons  and  90,000  head  of  cattle.  Such 
numbers  recall  the  terrible  catastrophes  in  India  ^. 

As  regards  the  Zuyder  Zee,  Bakhuyzen  and  Pleyte  give  us  the  following 
information : — The  Flevus  of  Roman  authors  branched  off  from  the  Rhine 
near  Wageningen,  below  Amheim,  flowed  through  the  bed  of  the  Eem  to  the 
Lacus  Flevus,  which  consequently  formed  a  part  of  the  later  Zuyder  Zee, 

^  C.  Barrois,  Note  sor  la  faune  quaternaire  de  Sangatte;  Ann.  Soc.  geol.  du  Nord, 
1880,  pp.  181-183. 

'  Nilaaon,  Skandinaviaka  Nordens  Ur-lnv&nare,  I,  Lund,  1838-1843,  pp.  89-92,  and 
Skandinavisk  fauna,  DSge^jur,  2.  uppl.,  1847,  Introduction,  p.  ix;  Maak,  Die  Dflnen 
JfttlandB,  Zeitschr.  f.  allg.  Erdkunde,  Berlin,  1865,  Neue  Folge,  XIX,  pp.  204  et  seq. ; 
M.  W.  F^k,  Die  cimbrische  Fluth  in  ihrer  Einwirkung  auf  den  Boden  von  Kiel,  Mitth. 
natnrw.  Yer.  Kiel,  1868,  IX,  &c.  Tardy  goes  much  further  and  attempts  to  prove  that 
opposite  movements  took  place  in  the  ninth  century  in  the  Flemish  peat  bogs  and  the 
buildings  of  Theodorich  at  Ravenna ;  he  even  discovers  a  great  flood  in  the  twenty-third 
centuiy  B.C.,  and  identifies  it  with  the  Mosaic  flood;  Comparaison  entre  deux  oscilla- 
tions contemporaines,  Bull.  Soc.  geol.  de  Fr.,  1874,  %^  ser.,  II,  p.  222 ;  1876,  3^  s^r.,  IV, 
pp.  826-829 ;  and  1878,  3«  s^r.,  VI,  pp.  148-151. 

'  For  a  list  of  ancient  floods  see  Dumas-Vence,  Notice  sur  les  cOtes  de  la  Manche  et 
de  la  mer  du  Nord,  Revue  coloniale  et  maritime,  Paris,  1876,  XLVIII,  p.  895  et  seq. ;  for 
the  east  see  A.  Baudissin,  Blicke  in  die  Zukunft  der  nordfriesischen  Inseln,  8vo,  Schleswig, 
1867,  pp.  55-78  et  passim ;  G.  Eilker,  Die  Sturmfluthen  in  der  Ostsee,  8vo,  Emden,  1877, 
p.  4  et  seq. ;  also  p.  65  et  seq.,  the  history  of  the  formation  of  the  Dollart. 
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and  then  discharged  into  the  sea  between  Vlieland  and  Tersehelling 
enlargement  of  the  Lacns  Flevns  proceeded  hit  by  bit,  and  was  ce 
far  from  complete  in  the  year  1400.  The  remains  of  Roman  constr 
are  situated  about  ten  minutes'  walk  beyond  the  dunes,  near  the  mc 
the  Scheldt  in  Walcheren,  near  the  mouth  of  the  Meuse  in  Qoed 
near  the  Altrhein  at  Katwijk,  on  the  shores  of  the  Flevus  (Vli 
elsewhere.  They  are  sometimes  visible  at  vexy  low  water,  showii 
the  dunes  have  advanced  further  inland  \ 

It  is  well  known  that  in  the  course  of  years  the  wind  and  sea 
build  up  littoral  embankments  or  bars,  and  that  then  the  sea  fro 
to  time  breaks  through  them  in  a  devastating  irruption,  again 
possession  of  long  tracts  of  the  newly-formed  land.  With  the  kn< 
of  these  facts,  however,  a  theory  has  arisen  that  oscillations  of  t 
land  have  also  occurred,  and  in  support  of  this,  attention  is  callec 
beds  of  shells,  which  indicate  negative  movement  in  prehistoric  tim 
still  more  convincing,  the  fact  that  at  many  parts  of  the  coasts  in  < 
forests  and  peat  bogs,  sometimes  even  a  repeated  alternation  of  p 
marine  sands,  are  now  found  lying  beneath  the  level  of  the  sea. 

1849,  Qodwin-Austen,  with  a  view  to  showing  that  the  English 
owes  its  origin  to  a  subsidence  of  the  earth's  crust,  elaborated  a 
which  he  indicated  the  numerous  points  at  which,  even  at  that  ea 
forests  and  peat  bogs  were  known  to  occur  beneath  the  sea^. 
Delesse  expressed  the  opinion  that  the  apparent  subsidence  of  t 
of  the  Netherlands  was  a  result  of  the  pressure  exerted  on  the  un 
Tertiary  clays  by  the  gradual  accumulation  of  alluvium  \    But  i 
jecture,  as  will  appear  directly,  is  not  in  harmony  with  the  acti 
The  phenomena,  even  at  the  present  day,  are  still  frequently 
as  proofs  of  the  subsidence  of  the  lithosphere:   they  therefore 
a  searching  examination. 

It  may  be  observed,  to  begin  with,  that  these  bogs  and  forests  i 
more  recent  than  the  Sangatte  beds  mentioned  above.  They 
Neolithic  remains,  numerous  relics  of  the  Bronze  age,  and  sonietii 
traces  of  the  Roman  occupation.  Worsaae,  who  has  accomplished 
in  the  study  of  this  material,  has  called  attention  to  the  frequent 
in  the  bogs  of  beautiful  bronze  vessels  and  other  objects  which  h 
broken  intentionally,  and  of  swords  also  which  appear  to  have  been 
and  bent  in  the  fire,  as  though  they  were  votive  offerings,  renderc 

*  Bakhuyzen  et  Pleyte,  Lettre  a  M.  Faye;   Compt.  rend.,  Paris,  1883, 
pp.  727,  728. 
'  R  A.  C.  Austen,  On  the  Valley  of  the  English  Channel ;  Quart.  Joum. 

1850,  VI,  pp.  69-97,  map. 

'  Delesse,  Les  Oscillations  des  cdtes  de  la  France ;  Bull.  Soc.  geogr.,  1872, 
p.  14. 
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for  secular  purposes.  As  regards  the  submerged  forests,  Nathorst  has 
shown  that  on  the  coasts  of  the  Baltic,  as  m  western  Holstein  and  the 
Netherlands,  they  afford  birch,  fir,  oak,  and  hazel,  but  never  beech,  which, 
as  is  well  known,  was  the  last  tree  to  establish  itself  in  Denmark  and 
Scandinavia  ^. 

Starting  from  Normandy  these  bogs  and  forests  extend  along  the  north 
coast  of  Europe  to  Denmark,  and  they  also  occur  at  several  localities  in 
the  south  part  of  the  Baltic ;  they  are  likewise  visible  at  very  many  places 
on  the  coasts  of  England  and  Ireland.  The  submerged  bogs  are  frequently 
continued  inland  with  an  upward  slope  and  rise  above  the  sea.  The 
depth  to  which  they  are  known  to  extend  below  the  sea-level  is,  as 
a  rule,  very  inconsiderable,  and  seldom  amounts  to  as  much  as  eight  or 
nine  meters. 

To  rightly  interpret  them  we  must  first  turn  our  attention  not  to 
«ubmerged  but  existing  peat  bogs. 

The  mode  of  formation  of  lake  bogs  on  the  west  coast  of  Schleswig 
Holstein  has  been  described  by  Maack.  First  of  all,  aquatic  plants  establish 
themselves,  such  as  Potamogeton,  Nymphaea,  and  most  important,  Stratiotes 
aloides.  Their  leaves  form  a  thick  coating  on  the  surface  of  the  water, 
but  this  disappears  in  autumn.  Next,  however,  a  mantle  of  mosses  begins 
to  form,  and  persists  through  the  winter,  increasing  year  by  year  in  thick- 
ness.  This  becomes  overgrown  by  cranberry  bushes  {Va/xinivmi  oaycoccus), 
and  at  length  the  alders  root  themselves  in  it.  Thus  the  mantle  of  peat 
moss  floats  on  the  water  of  the  bog.  Such  an  unripe  bog  consists  of 
a  layer  of  peat  at  the  bottom,  then  the  water  of  the  bog,  and  a  growing 
layer  of  peat  moss  at  the  top.  Not  until  the  upper  and  bottom  layer  of 
peat  meet  together  is  the  bog  ripe  \ 

Forchhammer  gives  a  similar  description ;  he  speaks  of  the  unripe  or 
quaking  bog,  which  will  scarcely  bear  the  weight  of  a  man,  as  a  hamTnock 
(Bangesacke)  or  see-saw  (Schaukeln)  ^  We  might  almost  imagine  we  had 
here  a  reminiscence  of  the  description  written  long  ago  by  the  unknown 
author  of  the  panegjnnc  on  Constantius  Caesar:  Quamquam  iila  regio 
divinis  expeditionilma  tuis,  Caesar,  tdndicaia  aique  purgata,  quam  obliquis 
meatibus  VaJudis  interfluit  quamque  div<yrtio  aui  Rhenua  a/mpUditur^ 

^  J.  J.  A.  Worsaee,  Sar  quelques  trouvailles  de  T&ge  de  bronse  faites  dans  les  tour- 
bi^ret,  M^m.  Soo.  roy.  des  Antiqnaires  du  Nord,  Copenhagae,  1866,  pp.  61  75 ;  6.  A. 
Nathorst,  Om  Sk&nes  Niv&f;5r&ndringar,  Geol.  FOren.  Stockh.  FOrh.,  1874, 1,  pp.  281-294. 

*  Von  Maack,  Das  uigeschichtliche  schleswig-holsteinische  Land ;  Zeitschr.  allg. 
Erdknnde,  Berlin,  1860,  Neue  Folge,  VIII,  pp.  1-80  and  112-140,  map;  in  particular 
pp.  9,  14  et  seq. 

'  G.  Forchhammer,  Om  den  forandrede  VandhOide  ved  de  danske  Kyster ;  Nord.  Univ. 
lidsskrifb,  KjObenh.,  1856,  2.  Aarg.,  pp.  1-28,  in  particular  p.  7;  trans,  into  German 
bj  Sebald  in.  Zeitschr.  allg.  Erdkunde,  Berlin,  1856,  Neue  Folge,  I,  pp.  473-490,  in 
particular  p.  478. 
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paene^  ut  cum  verbi  periculo  loqiuir,  terra  nan  est;  ita  penitu 
imbuta  pennaduit  ut  non  solum  qua  manifeste  palustris  eU  a 
nisum  et  hauriat  pressa  vsstiffium,  ssd  etiam  uhi  paulo  videtur 
pedum  pulsu   temptata  qucUiatur  et  sentire  se  procul   m43ta 
tentetur.  .  .  .* 

The  Romans  met  with  land  of  this  kind  oa  the  lower  Bhin 
effects  of  an  irruption  of  the  sea  into  such  a  region  may  be  eaa 
ceived.    Even  ripe  bogs,  however,  contain  a  good  deal  of  water,  a 
well  known  that  when  they  are  subjected  to  artificial   draina^ 
surface  is  considerably  lowered.    Skertchly  has  published  some  ins 
data  as  to  this  from  the  peat  bogs  of  the  Fenlands  in  the  east  of  I 
The  peat  beds  are  in  this  case  formed  by  Hypnum :  Sphagnum  i£ 
absent ;  several  successive  forests  are  to  be  seen  one  above  the  ot 
some  of  the  buried  trunks  belonged  to  trees  of  a  century's  gr 
more.    Draining  produces  great  subsidence  of  these  bogs;  thus  a 
Whittlesey  mere,  5*5  meters  in  thickness,  sank  between  the  yei 
and  1875  to  the  extent  of  2*36  meters,  losing  not  much  less  than 
thickness  '. 

This  tendency  to  sink  after  drainage  is  not  confined,  however 
bogs;  it  affects  also  loose  sediments  saturated  with  water,  such 
behind  the  littoral  bars  and  beaches,  and  the  drainage  of  such  Ian 
sometimes  beset  with  difficulties  of  a  special  character.    In   tfa 
polder  farming  the  land  is  divided  up  into  strips  by  long  dykes  an< 
by  canala    The  water  of  the  lagoons  flows  away  to  the  level  of 
where  the  range  of  the  tides  is  considerable,  the  land  readily  sio 
the  level  of  high  water,  and  it  requires  careful  management  of  tl 
to  prevent  thia     For  want  of  this  precaution  the  work  of  drains 
in  the  Lincolnshire  Fens  in  1814  at  length  reduced  the  land  \ 
a  level   that  it  became  permanently  submerged,  and  somewh 
showers  of  rain  never  succeeded  ia  finding  an  outlet ;   conseqi 
1867  it   was  found  necessary   to   resort   to   pumping.     Similar 
Coronini  describes  the   result  of  an   attempt   to   drain   the  m 
Aquilegia.     In  1765  four  great  polders  with  sluices  were  establisl 
yokes  of  land  were  thus  reclaimed,  and  the  sanitary  condition  of 
was  improved.    This  happy  state  of  things  did  not  last  more  tha 
years.    All  the  district  has  again  returned  to  marsh  with  an  ave 


^  Incerti  Pasegyricus  Gonstantio  Caes.  dictus,  VIII.     I  write  Vahalis  ai 
Baehrens ;  Gosselet  and  Rigaux  quote  the  same  passage  and  write  Scaldis,  fo 
Codex  Vaticanus,  1775;  J.  Gosselet  et  H.  Rigaux,  Mouvement  du  sol  de 
depuis  les  temps  g^ologiques,  Ann.  Soc.  g^ol.  da  Nord,  1878,  V,  pp.  218-226. 

'  Sydney  B.  J.  Skertchly,  The  Geology  of  the  Fenland ;  Mem.  Geol.  Sui 
1877,  in  particular  pp.  154-157;  also  Dalton,  Subsidence  in  East  Essex, 
1876,  2nd  Ser.,  Ill,  pp.  491-493,  &c. 
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of  0*79  meter  below  the  high  tide  at  normal  springs,  and  of  0-16  meter 
only  above  the  low  tide  during  neaps  ^. 

There  is  yet  another  way  in  which  peat  bogs  may  subside,  and  to 
even  a  still  more  considerable  extent;  this  is  by  the  yielding  of  their 
foundation. 

Let  us  cast  a  glance  at  the  picture  given  by  Seelheim  of  the  state  of 
things  in  the  Netherlands.  The  peat  bed  at  the  mouths  of  the  Scheldt 
is  a  single  layer,  0*75  to  2  meters  thick,  formed  of  marsh  plants.  It  is 
found  over  the  whole  of  Walcheren,  in  south  Beveland  and  Tholen,  and  on 
the  Flemish  coast.  It  occurs  at  many  places  on  the  low  coast  of  the 
Netherlands,  but  chiefly  about  existing  or  ancient  river  mouths.  In  the 
islands  of  Zealand  it  seems  at  first  sight  to  be  horizontal,  but  on  closer 
examination  proves  to  have  the  form  of  a  flat  dome,  being  from  0-5  to  1*5 
meters  higher  in  the  middle  of  the  island  than  on  the  shores,  where  its 
surface  lies  from  1*0  to  1*5  meters  below  mean  tide,  and  only  at  a  few 
places  reaches  0*8  to  0*4  meter  above  low  tide.  No  doubt  there  has  been 
subsidence,  Seelheim  remarks,  but  it  has  been  caused  by  the  caving  in  and 
lateral  escape  of  the  underlying  sand.  It  is  in  consequence  of  this  that 
the  peat  bed  of  the  islands  possesses  a  convex  surface,  and  is  traversed  by 
fissures  filled  with  dykes  of  sandy  clay  'as  if  it  had  had  to  act  like 
a  mantle  holding  the  masses  of  sand  together^.' 

The  folds  in  the  peat  beds  of  the  Fens,  figured  by  Skertchly,  are 
probably  to  be  explained  in  the  same  way. 

In  front,  both  of  the  Frische  Nehrung  and  the  coast  of  Pomerania^ 
the  trunks  of  trees  may  be  seen  standing  rooted  in  their  natural  position 
down  to  six  feet  below  the  level  of  the  sea.  In  the  autumn  of  1828, 
according  to  Hagen's  account,  the  shore  in  the  vicinity  of  the  former 
communication  of  the  Frische  Haff  with  the  gulf  of  Danzig  was  violently 
attacked  by  the  sea,  and  in  those  places  where  the  dune  sand  was  washed 
away  numerous  roots  and  erect  stumps  of  silver  beech  were  to  be  seen  at 
the  level  of  mean  tide.  Hagen  supposes  that  the  peat  in  the  neighbour- 
hood of  the  sea  previously  stood  at  a  somewhat  higher  level,  and  was 
overgrown  with  silver  beech ;  the  weight  of  dune,  in  its  advance  towards 
the  interior,  brought  about  a  subsidence  of  the  underlying  soil  \ 

*  F.  Graf  Goronini,  Ueber  Boden-Meliorationen  in  60rz;  Eomers,  Jahrb.  Osterr. 
Landwirthe,  Prag,  1870,  X,  pp.  192-206,  in  particular  p.  199. 

'  F.  Seelheim,  Beitrag  sur  Entstehungsgeschichte  der  Niederlande;  Verb,  natarh. 
Ver.  preoM.  Rheinl.,  Bonn,  1885,  5.  Folge,  II,  pp.  881-403,  pi.  Seelheim  haa  en- 
countered colonies  of  Phragmites  in  waters  which  contained  more  than  80  per  cent,  of 
•alt  water;  see  his  Sur  les  tourbi^res  d*eau  saum&tre,  Arch.  N^erland.,  1878,  XIII, 
pp.  465-477.  On  the  other  hand  V^lain  found  Cardium  edule^  Cardium  rtistieutn^  and 
Solen  living  in  water  so  fresh  that  the  ship  was  able  to  use  it  for  drinking  water ;  Bull. 
fioc.  g^ol.  de  Fr.,  1878,  8«  s4r.,  VI,  p.  197. 

*  G.  Hagen,  Die  preussische  Ostseekiiste  in  Betreif  der  Frage  ob  dieselbe  eine  Hebung 
Oder  Senkung  erkennen  Iftsst ;  Abh.  k.  Akad.  Wiss.  Berlin,  math.  Abth.,  1865,  pp.  21-41. 
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Even  from  the  little  isUnd  of  Qotska  Sando,  north  of  Qothlai 
illustration  has  been  given  by  Eliaen  and  Stoxberg  of  a  forest  whi< 
thus  been  overwhelmed  by  the  sand  K 

We  recognise,  then,  three  different  ways  in  which  subsidence  ma; 
place,  all  of  them  depending  on  the  nature  of  the  bogs.    Drainage,  < 
less,  seldom  occurs  in  nature,  and  in  any  case  only  within  the  1 
embankments ;  isolated  instances  are,  however,  known  in  which  a  qi 
bog  has  slowly  lost  its  water  by  permeation  through  adjacent  sane 
thus  drained  itself  and  subsided'.     The  caving  in  of  the  sand  < 
islands  occurs  within  areas  lately  invaded  by  the  sea.     The  bog 
forests  forced  downwards  by  the  migration  of  the  dunes  are  found  < 
outer  side  of  these  moving  sands.     It  is  unquestionably  true  tl 
feigland  we  often  find  above  the  peat  a  clay  characterized  by  Scrohic 
pipercUay  which  only  thrives  in  brackish  water,  or,  as  sometimes  hi 
sand  with  TeUina  baitica^  and  indeed  such  beds  not  unconunonljf 
in  repeated  alternation  with  the  peat  \    It  is  also  true  that  exam 
this  alternation  are  likewise  known  in  France^  and  that  in  the  Watt 
of  Holstein  the  bogs,  indeed  even  the  quaking  bogs,  are  covered 
a  layer  of  mud  often   of  considerable  thickness.      But  the  mo 
tinguished  geologists  of  the  Netherlands,  who  have  before  their  e 
most  impressive  results  of  the  later  incursions  of  the  sea,  have 
theless  not  found  in  the  situation  of  their  peat  bogs  any  evid 
oscillations  of  the  earth's  crust ;  they  have  seen  in  these  simply  an< 
phenomena  of  the  surface.      In  other  lands  observers  have  no 
wanting  who  have  regarded  all  these  alternations  of  strata  as 
of  so  many  elevations  and  subsidences,  often  repeated,  affecting  th 
rocky  crust  of  the  planet  to  a  corresponding  number  of  centimeter 
in  particular,  they  have  inferred  from  the  submerged  peat  bogs 
and  general  subsidence  of  all  the  coastal  region  of  the  North  sea  b 
during  the  Bronze  age. 

The  following  facts,  however,  must  not  be  overlooked : — 

(a)  There  are  many  localities  on  the  coasts  of  the  North  sea  ^ 
may  be  directly  shown  that  the  height  of  the  strand  has  remai: 
changed  for  a  period  of  greater  or  less  duration. 

At  the  great  sluices  of  Amsterdam  the  sea-level  has  been  conti 
observed  for   centuries,  and  according  to  Bakhuyzen  its  consts 

1  Eisen  0.  Stoxberg,  Om  Gotaka  SandOn ;  5fyer8.  K.  Vet.  Akad.  FOrh.,  1868,  p 
^  E.  g.  the  Wilstermarsch ;  Maack,  Das  urgeschichtliche  schleswig-holsteinia 
p.  14. 

'  E.g.  C.  £.  Ranee,  On  the  post-glacial  Deposits  of  West  Lancashire  and 
Quart.  Joom.  Geol.  Soc.,  1870,  XXVI,  pp.  665-668 ;  p.  659,  from  above  do 
2-4  feet  of  sand  with  Bithynia  tentacvlata^  1  foot  peat,  2  feet  TeUina  baltica  sai 
and  Roman  coins  ? ;  3  feet  peat,  3  feet  clay,  above  fresh  water,  below  Scro' 
1^  feet  peat;  rooted  trees;  boulder  clay  from  half  ebb  to  the  lowest  tide  level. 
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this  period  has  been  proved  to  within  8  millimeters^.  The  position  of 
Soman  constructions  outside  the  dunes  renders  it  highly  improbable  that 
any  oscillation  has  occurred  along  the  coast  from  the  Scheldt  to  YUeland 
within  the  last  two  thousand  years  ^  notwithstanding  the  fact  that  coins 
which  date  from  270  a.  d.  have  been  found  in  the  peat  beneath  marine 
sand  between  Dunkirk  and  Calais,  in  what  was  once  the  bay  of  the 
lower  Aa^  J.  Qirard  does  not  believe  that  a  continental  oscillation  is 
to  be  inferred  from  this  locality;  in  his  opinion  the  alternation  can  be 
explained  without  having  recourse  to  such  an  hypothesis  \ 

The  detailed  investigations  of  Ormerod  at  Teignmouth,  Devon,  show 
that  no  displacement  of  the  strand-line  has  occurred  there  for  a  very  long 
period.  Boyd  Dawkins  adds  that  the  existing  position  of  the  Roman 
harbours  indicates  with  equal  certainty  the  unchanged  position  of  the 
strand  on  the  south  coast  of  England  ^ 

Forchhammer  mentions  a  rampart  on  the  island  of  Romo,  surrounded 
by  a  foss,  and  separated  from  the  sea  by  a  flat  marshy  meadow.  The 
position  is  such  as  to  preclude  the  possibility  of  any  change  of  level 
having  occurred  since  these  intrenchments  were  constructed,  that  is,  since 
the  time  of  the  Vikings.  Nevertheless  a  peat  bog  lies  between  Romo  and 
the  mainland,  about  ten  feet  below  the  surface  of  the  sea  \ 

(6)  If  the  land  had  subsided  slowly  and  uniformly,  much  in  the  way 
it  is  customary  to  suppose  Sweden  is  rising,  then  the  advancing  waves 
would  have  destroyed  the  peat,  and  we  should  not  meet  with  trees  still 
rooted  in  the  soil.  Forchhammer  has  given  emphasis  to  this  important 
consideration,  and  although  he  is  of  opinion  that  a  subsidence  of  the  land 
about  the  North  sea  actually  took  place  in  prehistoric  times,  yet  for  the 
reason  just  given  he  believes  that  the  event  was  in  all  probability  sudden, 
and  that  it  certainly  came  to  an  end  long  ago. 

(c)  In  those  places  where  series  of  alternating  peat  and  marine  beds  can 

1  y.  Bakhuyzen,  Verhandlungen  der  Vll.  allgemeinen  Gonferenz  der  europ&ischen 
Gradmessung  su  Rom,  1883,  4to,  Berlin,  1884,  p.  55. 

*  Bakhuyzen  et  Pleyte,  Lettre  k  M.  Faye ;  Compt.  rend.,  Paris,  1883,  XGVII,  p.  728. 

'  Here  there  lie :  0*2  meter  marsh  land,  0*6  meter  brackish  clay  with  Rissoa  ulvae ; 
1-65  meters  marine  sand,  bivalves  in  natural  vertical  position,  at  the  base  rolled  Roman 
remains;  1-8  meters  peat  with  Gallo-Roman  remains,  sometimes  treasures  of  Roman 
age;  coins  up  to  270  a. d.,  substratum  of  blue  clay.  Debray,  Tourbi^res  da  littoral 
flamand  et  du  d^partement  de  la  Somme,  Bull.  Soc.  g^ol.  de  Fr.,  1873,  8*  s^r.,  II, 
pp.  46-49,  and  Railway  de  Bourbourg  a  Dunkerque,  Ann.  Soc.  g^ol.  du  Nord,  1876,  III, 
p.  88 ;  in  particular  Gosselet  et  Rigaux,  Mouvement  du  sol  de  la  Flandre  depuis  les 
temps  g^ologiques,  op.  cit.,  1878,  V,  pp.  218-226. 

*  J.  Girard,  L'Affaissement  du  sol  des  Pays-Bas ;  Bull.  Soc.  g^ogr.  Piaris,  1879,  6*  s6r., 
XVIII,  pp.  874-381. 

*  G.  Wareing  Ormerod,  Old  Sea-Beaches  at  Teignmouth,  Devon ;  Quart.  Joum.  Geol. 
Soc.,  1886,  XLII,  pp.  98-100 ;  Boyd  Dawkins,  tom.  cit.,  p.  100. 

*  Forchhammer,  Om  den  forandrede  VandhOide  ved  de  danske  Kyster ;  Nord.  Univ. 
Tidsakrift,  KjObenh.,  1856,  2.  Aaig.,  p.  17. 
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be  traced  inland,  the  several  beds  of  peat  are  found  to  onite  togethei 
a  single  seam  of  greater  thickness;  a  fact  absolutely  inconsistent  with  f 
mergence  due  to  a  general  continental  oscillation.    The  marsh  of  Dol,  i 
d^partement  d'llle-et-Vilaine,  north  of  Bennes,  has  been  expressly  dest 
by  Durocher  and  Ch^vremont  as  a  proof  of  such  oscillation.    Accord' 
Sirodot  the  land  beneath  the  mar^  is  formed  of  alternating  beds  ol 
and  marine  sand ;  the  peat  beds  maintain  a  constant  thickness  as 
proceed  towards  the  sea,  the  marine  beds  increase  in  thickness  in  the 
direction,  but  towards  the  interior  thin  out  altogether,  so  that  thi 
beds  come  into  contact  and  form  a  single  seam  from  five  to  seven  i 
in  thickness,  which,  keeping  the  same  level,  extends  all  round  the  i 
of  the  marsh.    Sirodot  is  of  opinion  that  continental  oscillations  w 
explain  the  facts,  and  that  the  several  layers  of  marine  sand  com 
to  so  many  temporary  openings  in  a  bar  which  once  connected  the  i 
of  Normandy  with  the  mainland  K 

6.  Bars  and  peat  bogs  of  the  Baltic  coast.  All  the  preceding 
vations  favour  the  conclusion  that  a  general  displacement  of  the  f 
line,  such  as  might  result  from  a  continental  oscillation,  has  not  t 
these  coasts  for  a  very  long  period,  perhaps  not  since  the  Neolithi 
and  further,  that  the  submergence  of  forests  and  peat  bogs  m 
ascribed  to  local  irruptions  of  the  sea  during  storms.  A  cont 
oscillation  could  scarcely  have  left  the  works  constructed  by  the  I 
or  the  Vikings  in  their  existing  position;    local  irruptions,  on  thi 

^  J.  Durocher,  Observations  sur  les  for^ts  sous-marines  de  la  France  occidenta 
les  changements  de  niveau  du  littoral,  Compt.  rend.,  Paris,  1856,  XLIII,  pp.  KXi 
A.  Ch^vremont,  Les  Mouvements  du  sol  sur  les  cOtes  occidentales  de  la  France 
culierement  dans  le  Golfe  Normanno-Breton,  8vo,  Paris,  1882,  pp.  225-43C 
Sirodot,  Age  du  gisement  du  Mont-Dol,  constitution  et  mode  de  formation  de  1 
basse  dite  Marais  de  Dol,  Compt.  rend.,  1878,  LXXXVII,  pp.  267-269.  The  si 
described  by  Sirodot  and  assigned  to  the  Diluvial  period,  occurring  at  a  h 
14  meters,  are  much  older  than  the  phenomena  discussed  here.  Peacock  relatei 
the  adjacent  island  of  Jersey  a  wood  is  said  to  have  subsided  as  late  as  the  fourt 
fifteenth  century,  and  its  remains  may  be  seen  in  the  bay  of  Saint-Ouen.  Un 
lately  taxes  were  paid  for  privileges  connected  with  this  wood;  Geol.  Maj 
2nd  Ser.,  Ill,  p.  130.  From  phenomena  on  the  Somme  a  recent  elevation  of 
to  the  extent  of  220  meters  has  been  deduced.  The  facts  according  to  Merc< 
follows : — The  peat  is  7-8  meters  thick ;  above  it  rise  little  bosses  about  4  met 
the  croupes  de  la  Somme,  Their  nucleus  is  formed  by  a  knoll-like  mass  of  cf 
tuff  with  Neritina  flumaiilis^  Piaidium  amnicum,  &c.,  and  fragments  of  Gallic 
On  the  irregular  surface  lies  a  covering  of  calcareous  sand  with  numerous  land  a 
water  mollusca,  Roman  pottery,  and  then  Cat'dium  edtde,  Mytilus  edulis,  and  rare! 
trunculus  and  Sctvbicularia  piperata.  These  reach  a  height  of  19  to  20  meters, 
covered  by  alluvium  containing  Unio.  N.  de  Mercey,  Note  sur  les  croupes  de  L 
a  Aaiy-sui>Somme,  &c. ;  Bull.  Soc.  geol.  de  Fr.,  1877,  3«  ser.,  V,  pp.  337-348.  I 
even  been  definitely  established  whether  these  shells  are  kitchen  remains ;  at 
they  lie  with  relics  of  human  industry  in  a  fresh-ivater  bed,  and  if  only  for  th; 
lend  no  support  to  the  theory  of  negative  movement. 
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hand,  might  conceivably  leave  unaffected  the  intervening  tracts  of  land. 
The  subsidences  were  rapid,  otherwise  the  trees  would  have  been  up- 
rooted; and  rapid  subsidence  is  what  would  happen  in  association  with 
local  inbreaks,  but  not  with  continental  oscillations.  Wherever  the  facts 
can  be  ascertained  the  peat  beds  which  alternate  with  marine  sand  unite 
together  as  they  proceed  towards  the  interior  to  form  a  single  seam ;  this 
is  just  what  would  happen  if  the  sea  were  driven  at  repeated  intervals 
over  a  quaking  bog,  but,  generally  speaking,  oscillations  could  never  bring 
about  this  result 

These  supposed  indications  of  continental  subsidence  encroach  on  the 
domain  of  the  alleged  Scandinavian  uprise ;  we  must  now  therefore  follow 
them  towards  the  east. 

Nilsson  and  Lyell,  starting  from  erroneous  assumptions,  believed  that 
Sweden  is  now  experiencing  a  tilting  movement  about  an  axis  situated  in 
the  neighbourhood  of  Sodertelje  ^.  Forchhammer  was  of  opinion  that  the 
great  Scandinavian  region  in  which  the  elevatory  phenomenon  occurs  is 
bounded  by  a  line  drawn  from  the  middle  of  the  Nissumfjord  to  within 
half  a  mile  south  of  Nyborg,  and  thence  further  to  the  south-east.  But  he 
believed  that  this  line  should  not  be  regarded  as  the  axis  of  a  tilting 
movement,  because  no  general  subsidence  can  at  present  be  discerned  to 
the  south  and  west  of  it,  whereas  the  uplift  on  the  north  is  still  in 
progress.  Indeed  in  that  region  where  the  two  movements  appear  to 
meet,  as  in  the  south  of  Sweden  for  instance,  the  subsidence  can  be  shown 
to  be  anterior  to  the  elevation. 

Now  that  we  again  enter  the  region  of  the  Baltic  we  may  recall  the 
fact  that  this  sea  is  also  visited  from  time  to  time  by  violent  storms, 
which  leave  their  signs  upon  the  coast.  The  storm  of  November  12- 
14, 1872,  already  mentioned,  was  the  most  violent  that  had  occurred  since 
the  year  1694,  so  far  as  we  can  judge  from  the  marks  left  on  the  Blue  Tower 
at  LUbeck.  Baensch  and  Colding  have  each  written  a  monograph  upon  it, 
and  from  these  we  obtain  the  following  general  account  ^ : — 

'  E.  Erdmann  has  supported  this  view.  Nilsson's  statement  as  to  subsidence,  indicated 
by  a  decrease  of  the  land  before  the  '  Staf-Sten  *  near  Trelleborg  in  Scania,  rests  on  a 
printer*s  error  in  Linn^^s  Skanska  Resa  (Geol.  FOren.  Stockh.  F0rh.,  1874,  I,  pp.  103, 
104),  and  Lyell's  observations  on  Soderte^'e  have  been  disputed  by  Hisinger  in  1840,  Axel 
Erdmann  in  1868,  and  finally  by  0.  Torell  in  his  Traces  plus  anciennes  de  Thomme, 
pp.  9-14. 

'  Baensch,  Die  Sturmfluth  an  den  Ostsee-KQsten  des  preussischen  Staates  vom 
12.  bis  18.  November  1872,  4to,  Berlin,  1875  (from  the  Zeitschr.  f.  Bauwesen,  Jahrg. 
XXV),  88  pp.  and  pi. ;  A.  Colding,  Nogle  UndersOgelse  over  Stormen  over  Nord-  og 
Mellem-Europa  af  12-14.  Nov.,  1872,  og  over  d.  derved  fremkaldte  Vandflod  in  OstersOen, 
Vidensk.  Selsk.  Skr.  KjObenhavn,  1881, 6  R«kk.,  I,  Bd.  IV,  pp.  245-804,  pi.  Also  G.  von 
Boguslawski,  Zeitschr.  f.  Meteorol.,  redig.  von  Jelinek  und  Hann,  1872,  VII,  pp.  408-410, 
and  note  p.  396.  For  similar  phenomena  see  Der  Durchbruch  der  Insel  Hiddensee, 
Peterm.  Mitth.,  1868,  pp.  377,  378. 
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On  November  12  an  area  of  high  barometric  pressure  was  d 
over  the  north  of  Sweden,  in  the  coarse  of  the  next  few  days  it 
gradually  away  into  north  Russia;    correspondingly  there  was 
pressure  centre  at  Vienna  on  November  12  at  midnight;  on  the  \ 
reached  Eger,  on  the  same  day  at  midnight,  Amsterdam.    The  ma: 
thus  moved  towards  the  south-east,  and  the  minimum  to  the  nortl 
With  this  displacement  of  the  minimum  the  path  of  the  winds  i 
the  centre  was  deflected,  and  the  gale,  which  at  first  blew  from  the 
east,  now  came  from  the  east ;  but  these  directions  correspond  so 
with  the  lie  of  the  Baltic  that  the  winds  were  able  to  pile  up  en 
masses  of  water,  which  they  rolled  before  them  from  the  northc 
parts  of  this  sea,  first  to  the  south,  then  to  the  south-west,  and 
to  the  west,  and  so  right  up  to  the  exits. 

On  the  18th,  at  two  o'clock  in  the  morning,  the  storm  reached 
germiinde,  driving  a  mighty  wave  before  it,  the  summit  of  which 
o'clock  in  the  morning  had  already  reached  Fehmam.    Here  the 
mounted  up,  held  in  between  Fehmam  and  Laaland.  Behind  them,  1 
BUgenwalde  and  Swinemiinde  the  surface  of  the  sea  was  concave,  i 
was  the  pressure  of  the  storm ;  with  a  rapid  rise  the  sea  rushed 
the  belt  of  Fehmam,  and  at  8.40  p.m.  attained  a  height  of  +3-l< 
above  mean  tide  at  EUlerbeck,  near  Kiel ;  it  flung  its  waters  over 
of  the  lighthotise,  fifty  feet  in  height,  at  the  mouth  of  the  Schlei 
about  5.80  p.m.  rose  to  +8-5  meters  at  Ardsund  at  the  entrano 
Little  Belt ;  long  before  this  the  force  of  the  wind  had  passed  its  m^ 
and  the  great  wave  was  carried  onwards  by  its  own  momentum, 
the  water  was  discharged  through  the  Belt. 

While  this  was  happening  on  the  coast  of  Germany,  somethini 
occurred  in  the  Sound,  though,  as  it  seems,  a  little  earlier.  On  N 
12,  at  six  o'clock  in  the  afternoon,  the  level  in  the  gulf  of  Finla 
at  —0*6  meter,  between  Stockholm  and  Pillau  at  zero,  at  Bomholi 
already  +0-95  meter,  and  at  Ystad  +1-27  meters.  At  Falsterb 
considerably  lower,  but  rose  towards  the  Sound,  as  well  as  towarc 
at  the  entrance  to  the  Great  Belt ;  at  this  time  indeed  the  storm  ; 
north-east  which  drove  the  waters  of  the  Cattegat  towards  the 
the  Baltic  was  still  at  its  height.  The  veering  of  the  storm  f roi 
east  to  east  brought  more  water  out  of  the  Baltic,  but  relieved  tl 
of  the  Sound,  so  that  in  the  latter  the  highest  level  was  passed  on 
ber  18  between  midday  and  two  o'clock  in  the  afternoon. 

This  tremendous  disturbance  of  the  Baltic  left  its  traces  on 
Shores  of  clay  were  torn  up,  the  cliffs  driven  inland,  beaches  broad( 
dunes  were  overwhelmed,  the  land  behind  them  inundated,  and  th 
sea  fell  the  imprisoned  water  flowed  back  and  breached  the  dunes 
the  western  part  of  the  German  coast  there  is  not  much  dune  fc 
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a  low  bar  or  spit,  thrown  up  by  the  waves,  usually  accompanies  the  shore. 
The  effect  of  the  storm  on  these  depended  on  the  angle  at  which  they 
encountered  the  waves.  Sometimes  their  height  was  augmented,  some- 
times they  were  destroyed  for  miles  in  length,  and  at  various  places  on 
the  Qerman  side  of  the  Little  Belt,  where  bars  exist,  they  were  driven 
inland  with  remarkable  regularity  for  a  distance  of  about  ten  meters  ^. 

In  any  case  it  is  now  obvious  that  in  straits  where  a  forced  rise  of  the 
sea  may  occur,  extreme  caution  is  necessary  in  studying  the  ancient  strand- 
lines,  and  it  is  precisely  in  these  regions  that  we  may  expect  to  find  spits 
and  bars  abandoned  by  the  sea,  remaining,  like  moraines,  to  indicate  the 
maximum  effect  of  former  storms. 

But  the  evidence  for  a  subsidence  of  the  ground  and  its  subsequent 
elevation  rests  chiefly  on  the  existence  of  derelict  bars  and  beaches 
superposed  on  peat  bogs. 

Forchhammer  adduces  as  signs  of  elevation  remnants  of  such  deserted 
bars  along  the  whole  west  coast  of  Denmark  as  far  down  as  the  mouth 
of  the  Nissumfiord  in  the  south,  along  the  east  coast  down  to  half  a  mile 
south  of  Nyborg  in  Funen,  along  the  whole  of  the  east  coast  of  Zealand, 
and  parts  of  the  east  coast  of  Moen. 

The  coast  of  Scania  has  been  studied  by  Nilsson,  and  later  by  E.  Erdmann 
and  Nathorst ;  at  several  places  in  the  neighbourhood  of  Helsingborg  a  bar 
occurs  resting  on  a  compressed  peat  bog;  the  peat  contains  flint  imple- 
ments, and  is  continued  inland  beneath  the  bar.  Nathorst  describes 
a  part  of  this  bar  situated  to  the  north  of  Malmo;  it  Ues  8,000  feet 
away  from  the  margin  of  the  sea,  but  the  intervening  shore  is  certainly 
very  flat '. 

The  Sound  is  similarly  bordered  on  each  side  by  deserted  beaches. 

The  beach  near  Trelleborg  bears  the  name  of  CfdravcUle;  the  peat  is 
found  there  at  two  feet  above  the  sea,  and  in  some  places,  according  to 
E  Erdmann,  as  much  as  six  feet.  The  beach  attains  a  thickness  of  ten  feet. 
The  fact  that  the  beach  is  superposed  upon  the  peat  appears  to  me  to  show 
that  it  has  been  driven  inland,  and  Erdmann's  sketches  accord  well  with 
this  view.  The  existing  negative  movement  may,  perhaps,  produce  a  per- 
ceptible effect  here;  indications  of  a  preceding  positive  movement  are 
absent. 

The  remarkable  sections  in  the  harbour  of  Ystad  have  been  described 

^  '  The  sea  has  carried  out  this  work  with  great  regularitj,  and  when  we  contemplate 
this  remarkable  growth,  often  extending  for  miles,  it  becomes  intelligible  that  popular 
belief,  unable  to  explain  such  an  effect,  should  ascribe  the  formation  of  the  Holy  Dam 
near  Dobberan  to  a  saint  who  erected  it  at  the  command  of  the  monks  in  a  single  night 
for  the  protection  of  the  cloister.*    Baensch,  mem.  cit.,  p.  26. 

*  E.  Erdmann,  Bidrag  till  Fr&gan  om  Sk&nes  Niv&fOrftndringar,  Geol.  FOren.  Stockh. 
FOrh.,  1874,  I,  pp.  98-104,  pi. ;  A.  G.  Nathorst,  Om  Sk&nes  Niv&f^Sr&ndringar,  tom.  cit., 
p.  281-294. 
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by  Brozelius.  Resting  on  a  mass  of  morainic  debris,  the  sar! 
which  lies  11  feet  below  the  sea,  are  peat  and  a  forest  growth  still 
in  place,  with  associated  remains  of  the  Bronze  age;  the  forest  < 
from  the  harbour  out  to  sea.  The  whole  is  covered  up  by  a  recent 
deposit  At  the  south-west  point  of  Sweden,  three-quarters  of 
outside  Falsterbo-Ref,  there  occurs,  according  to  Nilsson,  a  bed  < 
10  to  12  feet  thick,  with  its  surface  14  feet  below  the  sea-leveL  S 
Bomholm  a  pine  forest  occurs  80  feet  below  the  sea.  The  occurr 
alternate  beds  of  peat  and  marine  sand  at  Gothland  has  been  descr 
lindstrSm  ^. 

The  existing  position  of  deserted  bars  and  beaches  resting  on  pet 
such  as  we  have  just  discussed,  has  no  doubt  been  to  a  great  exten 
mined  by  storms,  especially  in  the  case  of  those  bordering  the  Souni 
submerged  forests,  in  the  light  of  the  knowledge  we  have  acqt 
the  North  sea,  show  that  certain  parts  of  the  Baltic  were  im] 
in  a  prehistoric  period  by  natural  dams.     As  to  the  extent  c 
embankments,  destroyed  no  doubt  for  the  most  part  during  the 
age,  I  will  not  venture  an  opinion.    They  afford  no  evidence  of 
tinental    oscillation,  and    can    only  be   regarded   as    terms    in 
series  of  littoral  phenomena  such  as  are  presented  on  the  shorei 
North  sea. 

Let  us  now  briefly  pass  in  review  the  results  of  this  chapter ; 
as  follows: — 

Through  the  English  channel  the  flood  tide  pours  into  the  so 
of  the  North  sea :  on  the  north  coast  of  the  continent,  from  Cala 
Horn  of  Skagen,  a  long  line  of  bars,  swinging  in  regular  gentle 
has  been  thrown  up  by  the  united  efforts  of  the  wind  and  sea. 
fixed  points  of  attachment  were  afforded  them  at  the  outset  by  th< 
moraine  land  of  Scandinavian  origin ;  the  island  of  Texel  is  a  good 
of  such  a  point,  and  the  Kurische  Nehrung,  as  Berendt  has  shown, 
two  such  points  of  attachment,  one  at  its  southern  end,  and  t 
towards  the  middle,  near  Rossitten  2.     Under  the  shelter  of  these 
whole  of  the  vast  alluvial  plain  of  the  Netherlands,  save  for  so 
which  consist  of  Scandinavian  boulder  clay,  was  built  up  slow! 
the  course  of  ages,  without  any  apparent  signs  of  elevation  or  st 

*  N.  G.  Bruzelius,  Fynden  i  Ystads  Hamn,  Samlingar  till  Sk&nes  Historia, 
1871.  Sharing  Nathorst's  doubts  I  have  disregarded  the  asserted  presence  • 
more  recent  artificial  product  below  the  surface;  G.  LindstrOm,  Om  j 
Sankningar  af  Gotland,  op.  cit,  1886,  VIII,  pp.  261-281.  De  Geer's  obsei 
a  subsidence  include  no  remains  of  human  civilization,  and  therefore  do  not  c 
O.  de  Geer,  Om  en  postglacial  Landsankning  i  s(klra  och  mellersta  Sveriga, 
Unders.,  1882,  ser.  C,  No.  52,  16  pp.  (also  Geol.  FOren.  Stockh.  FOrh.,  VI). 

•  G.  Bei-endt,  Geologie  des  Kurischen  HafTes  und  seiner  Umgebung,  4to,  I 
1869,  map. 
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Staring  has  shown,  and  after  him  Winkler,  that  in  Oroningen,  the  Drenthe» 
and  Friesland  as  far  as  the  Zuyder  Zee,  Scandinavian  moraine  land  occurs^ 
bat  that  farther  on,  in  Over-Yssel,  Qeldem,  and  the  remainder  of  the  plain^ 
the  deposits  are  allavial,  formed  of  the  sediments  of  the  Rhine,  the  Meuse, 
with  others  of  mixed  origin  \ 

Smaller  bars  existed  as  far  as  Normandy,  the  south  of  the  Baltic,  and 
along  many  parts  of  the  English  coast.  When  fresh  water  accumulated 
behind  them  peat  bogs  were  formed,  often  as  '  hammocks,'  or  quaking  bogs- 
which  floated  on  the  surface  of  the  bog  water. 

Violent  storms  have  from  time  to  time  destroyed  these  structures,  or 
hurled  the  waves  over  the  dunes  on  to  the  bogs.  The  Cimbric  flood 
perhaps  corresponds  to  one  of  these  episodes,  and  similarly  destructive 
storms  have  continued  down  to  our  own  times.  In  this  way  the  great 
irruptions  into  the  Netherlands  were  brought  about,  and  on  the  Dollart, 
and  so  too  the  bar  was  torn  to  pieces,  which  once  extended  from 
Eiderstedt,  through  Amerane,  Sylt,  and  Romo,  towards  Fano,  and  Blaa* 
vands  Huk  in  Jutland,  and  cut  off  the  existing  *  Wattenmeer '  of  Holstein. 
At  the  present  day  in  place  of  the  ancient  lagoons  we  meet  only  with  peat 
bogs,  which  have  sunk  through  the  yielding  of  their  base,  or  have  been 
overwhelmed  when  in  the  quaking  stage ;  and  in  front  of  the  dunes  lie 
the  peat  bogs  which  the  weight  of  the  advancing  sand  has  pressed  down 
beneath  the  level  of  the  sea. 

None  of  these  examples,  however,  show  any  signs  of  oscillation  of  the 
earth's  crust  during  the  long  period  occupied  in  their  formation;  they 
imply,  on  the  contrary,  a  prolonged  state  of  repose. 

The  North  sea  receives  the  overflow  of  the  Baltic,  an  inland  lake, 
continually  endeavouring  towards  an  equilibrium  with  the  Ocean,  which 
it  never  attains ;  as  is  shown  by  its  inferior  salinity,  and  the  constant  flow 
of  its  interior  currents.  Its  monthly  means  fluctuate  with  the  seasons; 
rainfall,  snow,  and  times  of  thaw  exert  a  dominant  influence  on  the  Finnish 
and  Swedish  coasts.  The  yearly  means  are  likewise  variable ;  for  the  last 
few  decades  they  indicate  on  the  whole  a  sinking  level,  though  the  move- 
ment is  subject  to  much  interruption,  and  does  not  seem  to  have  been  in 
progress  for  more  than  two  or  three  hundred  years;  the  explanation 
which  is  least  far  fetched  is  apparently  to  be  found  in  a  change  of 
climate. 

From  Hapciranda  to  Brittany  there  is  no  evidence  of  elevation  or 
bubiidence  of  the  land  dnce  the  Bronze  age.  The  visible  and  obvious 
modifications  of  the  coast  have  been  brought  about  sometimes  by  local 
landslides,  at  others  by  local  irruptions  of  the  sea  into  districts  protected 

*  T.  G.  Winkler,  Sur  Torigine  des  dunes  maritimes  des  Pays-Bas ;  Arch.  Neerland., 
Harlem,  1878,  XIII,  pp.  417-427,  map  of  the  different  alia  via. 
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by  littoral  ban,  or  again  by  atorma,  and  finally,  aa  in  the  Baltic,  tl 
the  reaolt  of  a  climatic  change. 

In  the  conrae  of  my  inveatigation  into  the  oaeillationa  in  the  { 
navian  region,  I  waa  veiy  early  led  to  inqnire  whether  any  exten 
the  movementa  obaerved  in  the  Baltic  could  be  reoogniaed  on  the  cc 
the  extreme  north  of  Eor(q)e,  where  indeed  it  ahoold  be  moat  o 
if,  aa  ia  alleged,  the  elevation  increaaea  towaida  the  north.    1 
fnmiflhed  no  information.    The  aole  tracea  of  exiating  negative  mo^ 
and  theae  qneationable,  occur  in  the  Sdowelzhjf  ulands  in  the 
aea.    I  am  indebted  for  my  knowledge  of  them  to  the  great  kind 
Profeaaor  InoatranxefE    He  haa  obaerved  parallel  beds  of  beach 
on  the  little  island  of  Anderaky;  and  ia  led  to  auppoae  that  a  n 
diE|>laeement  still  continues,  by  the  existence  of  certain  atreaka  oq 
at  the  foot  of  the  searwall,  which  waa  built  in  1799  below  the 
of  Solowetaky  and  doae  above  the  searlevel.    PkobaUy  the  Whifa 
charaeteriaed  by  the  same  phenomena  as  the  Baltic  and  Baffin  1 
unfortunately  continuous  obaervations  which  might  throw  light 
point  do  not  exist 
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CHAPTER  XI 

THE  MEDITERRANEAN  DURING  THE  HISTORIC 

PERIOD 

The  sea  of  Azov  and  the  Black  sea.  Locus  of  maximum  depression  in  the  surface  of 
the  Mediterranean.  The  western  Mediterranean.  Venice.  The  Pinaro-Tauric  region. 
The  south-east  Mediterranean.    Conclusion. 

At  Meissau  in  lower  Austria,  on  the  eastern  slope  of  the  Manhart 
mountains,  barnacles  may  be  seen  still  attached  to  the  wave- worn  granite 
bosses,  on  which  they  grew  in  the  sea  of  the  first  Mediterranean  stage. 
On  the  eastern  slope  of  the  Eahlenberg,  overlooking  the  city  of  Vienna, 
we  may  pick  up  on  the  beach  of  the  second  Mediterranean  stage  pebbles 
which  have  been  drilled  by  boring  molluscs.  High  up  on  the  limestone 
cliffs  of  Capri  may  be  seen  rows  of  perforations  produced  by  similar  shells 
at  a  later  period.  Finally  on  the  existing  shore  or  in  its  immediate 
neighbourhood,  far  below  all  these  relics  of  the  ancient  phases  of  the 
Mediterranean,  lie  numerous  ruined  harbours  and  other  monuments  of 
iintiquity,  serving  to  remind  us  that  the  successive  shores  revealed  by  this 
series  of  vestiges  belonged  to  that  classic  sea  which  has  witnessed  some  of 
the  most  important  events  in  the  history  of  civilization  and  which  indeed 
has  in  no  small  degree  contributed  to  its  beneficent  advance. 

Here  more  than  anywhere  else  we  are  afforded  an  opportunity  of 
investigating  the  question  as  to  whether  changes  of  sea-level  have  occurred 
during  the  historic  period,  but  here  also  more  than  elsewhere  caution  is 
necessary,  lest  we  should  confound  evidence  relating  to  prehistoric  times 
with  that  of  later  date. 

1.  The  aea  of  Azov  and  the  Black  eea.  From  the  mouth  of  the  Don  in 
the  sea  of  Azov  as  far  as  the  Pillars  of  Hercules  there  extends  at  the 
present  day  a  chain  of  seas,  which  appear  to  discharge  successively  one 
into  the  other,  and  finally  to  pass  in  a  united  outflow  through  the  strait  of 
Gibraltar  into  the  Atlantic  Ocean.  Such,  however,  is  by  no  means  the  case. 
The  sea  of  Azov  overflows  into  the  Black  sea,  and  this,  in  spite  of  a  contrary 
undercurrent  in  the  Dardanelles,  overflows  in  turn  into  the  Mediterranean. 
But  the  Mediterranean,  owing  to  excessive  evaporation,  which  is  not 
compensated  by  the  insignificant  rainfall,  loses  such  a  vast  quantity  of 
water,  especially  off  the  north  coast  of  Africa,  south  of  Crete,  that  neither 
the  excess  from  the  Black  sea  nor  the  supply  from  tributary  rivers  is 


432        MEDITERRANEAN  IN  HISTORIC  TIMES    [i 

sufficient  to  make  good  the  defect.    Consequently  the  heavy  Medite 
water  passes  out  over  the  bottom  of  the  strait  of  Gibraltar,  while 
water  flows    in,   always   striving   to   establish    equilibrium,  but 
succeeding  in  the  attempt. 

We  may  therefore  describe  the  Black  sea  together  with  the  sea  • 
as  active  members  of  the  chain,  but  the  Mediterranean  and  in  pa 
its  eastern  half  as  a  passive  member.     It  is  the  insertion  of  this 
member  that  constitutes  the  most  important  difference  between  t 
the  north  European  chain  of  basins,  which  are  exclusively  active. 

The  sea  of  Azov  is  shallow ;  its  eastern  extremity  is  the  estuai] 
Don,  and  in  the  roads  of  Taganrog  its  waters  are  fresh.  In  the  m 
the  sea,  F.  Qdbel  found  a  salinity  of  1-188  per  cent.  (sp.  gr.  1-00 
towards  the  west  the  long  bar  of  Arabat  cuts  off  a  great  lagoon,  th< 
or  Putrid  sea,  leaving  open  a  channel  of  communication  only  seve 
fathoms  broad.  The  Sivash  is  intensely  salt  owing  to  evaporation 
and  Hasshagen  found  a  salinity  of  17*374  per  cent.  (sp.  gr.  1-13988 
15*197  per  cent.  (sp.  gr.  1*13795)  ;  this  is  a  good  example  of  a  sea  w 
become  passive  by  isolation  ^ 

Levels  taken  by  Ouillemin  many  years  ago,  from  the  Black  s< 
sea  of  Azov,  gave  for  the  latter  +1*45  meters  at  Ak-Manai',  but  I 
no  detailed  confirmation  of  these  measurements  K 

The  Russian  government  appointed  a  scientific  commission  to  in^ 
the  sea  of  Azov  and  to  ascertain  whether  its  asserted  decrease 
was  actually  taking  place.    The  report  drawn  up  by  Baer  in  18( 
that  since  the  time  of  Polybius,  and  of  Strabo,  who  wrote  a  vc 
description  of  the  region,  no  change  in  the  water-level  at  all  i;i 
mention  has  occurred.    The  ruins  of  Tanis,  a  commercial  city  meni 
Strabo  (xi.  2),  have  been  discovered  on  the  shores  of  a  deserted  ai 
Don ;  opposite  Taganrog,  outside  the  delta,  the  little  low  island  c 
pacha,  probably  the  island  of  Alopekeia  mentioned  by  Strabo,  ma 
seen,  and  what  is  most  significant  Strabo  even  describes  the  spit  o 
and  the  Sivash,  which  he  speaks  of  as  a  marsh  separated  from  t 
the  west ;  but  the  opening  at  the  northern  end  of  the  spit  appeal 
been  much  broader  at  that  time.    At  the  present  day  the  island  o 
pacha  is  still  so  low  that  it  is  submerged  during  high  winds  '\ 

^  F.  Gobel,  Resnltate  der  Zerlegung  des  Wassers  vom  Schwarzen,  Asow' 
Kaspisclien  Meere,  Poggendorf*8  Ann.  Phys.  Chem.,  Erg&nzungsband  I,  184 
188 :  A  GObel,  Ueber  die  in  dem  Bestande  einiger  Salzseen  der  Krym  vor  sicl 
Aenderungen,   Bull.   Acad.  Imp.  Sci.  St.-P^tersb.,   1863,   V,  pp.  290-299 
Hasflhagen's  reaalts). 

^  J.  Guillemin,  Niveaux  compares  de  la  Mer  d*Azof  et  de  la  Mer  Noire ; 
geogr.  Paris,  1865,  5«  s^r.,  IX,  pp.  97,  98. 

'  As  to  the  assertion  that  the  sea  of  Azov  is  becoming  shallower,  see  the  re 
Commission  appointed  by  the  Academy  of  Sciences  of  St.  Petersburg,  writt€ 
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Sarmaiian  folds,  running  from  the  northern  border  of  the  Caucasus  to 
the  northern  border  of  the  Crimean  mountains  (I,  p.  474),  separate  the  sea 
of  Azov  from  the  Black  sea. 

The  BUick  sea  resembles  the  Baltic  in  many  respects.  The  salinity  of 
the  water  is  only  a  little  higher  than  that  of  the  sea  of  Azov  and  its  level 
is  subject  to  seasonal  oscillations  like  those  of  the  Baltic  The  oscillations 
have  been  studied  by  E.  von  Maydell,  and  Briickner  has  shown  that  they 
depend  on  variations  in  the  river  supply.  The  chief  tributaries  of  the 
Black  sea,  the  Danube,  Dniepr,  and  Don  attain  their  highest  level  in  the 
months  of  April  and  May.  The  observing  stations  which  are  subject  to 
the  direct  influence  of  the  rivers,  those  for  instance  at  Otshakow,  Odessa, 
Kerch,  Qenitshesk,  and  the  mouth  of  the  Dniestr,  show  the  highest  sea-level 
in  May,  that  is  a  little  later  than  the  rivers,  while  at  the  stations  lying 
farther  away  from  the  rivers,  namely  Sebastopol,  Yalta,  and  Poti,  the 
highest  level  occurs  still  later,  i.  e.  in  June.  Thus  in  May  and  June  the 
sea  stands  +0-1  to  +0*15  meter  above  mean  level ;  it  then  sinks  as  winter 
approaches,  remains  at  a  height  of  —  0-08  to  —  0*11  meter  from  September 
to  March,  and  then  rises  again  to  the  maximum.  Thus  the  whole  volume 
of  water  in  the  Black  sea  fluctuates  from  season  to  season  ^. 

In  complete  accordance  with  these  results  are  Wrangell's  observations 
on  the  density  made  in  the  autumn  of  1873.  The  highest  density  observed 
was  off  the  west  and  south  coasts  of  the  Crimea,  which  are  remote  from  the 
rivers;  it  ranged  from  1*0139  to  1-0145,  with  a  maximum  corresponding  to 
1*9  per  cent,  near  the  south  point  of  the  Crimea ;  and  off  the  coast  of  the 
Caucasus,  also  remote  from  the  great  rivers,  the  density  varied  from  1*014 
to  1*0148,  with  a  maximum  salinity  of  1*87.  Near  the  rivers,  on  the  other 
hand,  the  salinity  decreases ;  thus  in  the  liman  of  the  Dniepr  it  sinks  to  0*6 
per  cent.  (sp.  gr.  1*0045),  in  the  bay  of  Taganrog  it  is  0*78  per  cent.  (sp.  gr. 
1-0066)  «. 

BnlL  Acad.  Imp.  ScL  St-P^tenb.,  1863,  Y,  pp.  72-105,  map ;  and  G.  von  Helmenen, 
op.  cit.,  1867,  XI,  pp.  555-584.  A  full  abstract  of  the  first  of  these  memoirs  is  contained 
in  H.  Bitter,  Die  Yerflachnng  des  Asow*8chen  Meeres ;  Zeitschr.  f.  allg.  Erdk.,  Berlin, 
1862,  XII,  pp.  805-826.  The  very  remarkable  Kossit  i.  e.  parallel  tongues  of  land  with 
hook-shaped  appendages  on  the  inner  side,  are  characteristic  of  the  sea  of  Azov; 
Helmersen  has  described  in  detail  that  of  Berd&nsk.  Here  doubtless  lies  the  explanation 
of  those  hook-shaped  bays  which  Gilbert  has  figured  in  the  basin  of  the  ancient  lake 
Bonnenlle,  U.S.  GeoL  Surv.,  5th  Annual  Report,  1888  to  1884,  pL  XII ;  Helmersen't 
Aetch  was  taken  at  high  tide. 

^  £.  Brt&okner,  Die  Schwankungen  des  Wasserstandes  im  Schwarzen  Meere  und  ihre 
Uxsachen ;  Meteorol.  Zeitschr.,  1886,  III,  pp.  297-809.  On  the  exchange  of  water  in 
the  Bosphorus,  see  Makarof,  Ann.  d.  Hydrogr.,  1886,  pp.  582-585. 

*  F.  Wrangell,  Einige  Dichten-  und  Temperaturbestimmungen  im  Schwarsen  und 
Asow'schen  Meere,  in  A.  Kaspdrek,  Studien  tiber  die  physikalischen  Verh&ltnisse  des 
Schwarsen  und  Asow*schen  Meeres;  Mitth.  aus  d.  Gebiete  des  Seewesens,  Pola,  1886, 
XIV,  pp.  827-882,  map. 
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ThuB  osdllationa  of  the  aune  diftnustor  u  in  the  Biltie  oeea: 
Black  seA»  bat  their  emn  does  not  give  a  negative  vahie.  Stxabo, 
we  have  aeen,  described  the  spit  of  Arabat  in  the  aea  of  Aaov» 
given  an  exact  aoooont  of  the  existing  spit  of  Perdcop,  which  he  s 
as  'He  Oonrse  of  Achilles'  (viL  8.  41),  and  a  study  of  this  has 
Commisrion  of  the  Bossian  Academy  to  the  infenoee  that  no  in 
diange  has  affiscted  the  level  of  the  Black  sea  for  2,000  yean. 

Indications  nevertheless  exist  of  a  movement  which  most  have  < 
near  the  beginning  of  historic  times,  certainly  after  the  g^adal 
The  evidence  is  as  follows : — 

It  has  already  been  pointed  oat  (I,  p.  844)  that  the  region  now< 
by  the  Aegean  sea  was  previoasly  a  land-sarCtoe  coveied  by  frei 
Iidces;  it  soflbred  collapse,  and  the  sea  of  the  foaith  Mediterrana 
advanced  across  Miles,  Bhodes,  and  the  south  part  of  the  island 
Still  later  the  snbsidence  was  renewed  and  continued  as  far  as  tl 
sea,  and  then  for  the  first  time  the  Mediterranean  entered  the  regit 
Pontos  and  the  sea  of  Asov.    In  the  Dardanelles,  however,  Medit 
shore  deposits  lie  high  above  the  existing  strand.    As  eariy  as  18S 
recorded  recent  marine  beds  with  oystera  north  of  Meitos,  as  wv 
the  opposite  coast  of  the  straits  at  a  height  of  +40  feet;  and  he 
the  sea-level  most  have  stood  aboat  fifteen  to  twenty  feet  higher, 
and  Neamayr  have  confirmed  Spratt*8  observations,  and  from  their  i 
woald  appear  that  a  flint  implement  has  been  foand  in  the  deposib 
traces  of  these  recent  sediments,  which  are  never  raised  far  above  tb 
strand  and  always  retain  their  horiscmtality,  are  foand  even  w 
Pontic  basin;  their  faona,  which  is  that  of  the  existing  Medil 
shows  that  the  Pontos  at  this  time,  when  its  waters  stood  at  a  hij 
was  not  as  fresh  as  at  present,  bat  nearly  as  salt  as  tiie  Ocean.    . 
described  these  sediments  as  they  oocar  in  the  straits  of  Kerch  a 
peninsala  of  Taman,  and  Tchihatchef  has  recognized  them  south  o! 
near  the  north  coast  of  Asia  Minor^    Thus  it  appears  that  at 
when  the  Pontic  region  was  in  free  communication  with  the  Medi 
the  level  of  the  water  was  somewhat  higher  than  at  present. 

*  T.  Spratt,  On  the  (Geology  of  Varna,  &c,  Quart.  Jonnu  Qtoh  Soc, 
p.  81;   Frank  Galvert  und  M.  Neamayr,  Die  jnngen  Ablagemngen  am 
Benkiehr.  k.  Akad.  Wiss.  Wien,  1880,  XL,  p.  366  et  seq. ;  also  G.  Peters,  ( 
sor  Geographie  and  Geologie  der  Dobradacha,  op.  cit.,  1867,  XXVII,  p.  198. 

*  H.  Abich,  £tades  ear  les  pretqa*tle8  de  Kertach  et  de  Taman,  Ball.  Soc.  ( 
1864,  2*  8^r.,  XXI,  p.  270  et  seq. ;  Beyer's  obeerrations,  tom.  cit,  p.  279 ;  P. 
chef,  D^pdts  tertiaires  d'nne  partie  de  la  Cilicie  Trach^  etc.,  BalL  Soc  ( 
1854,  2«  s^r.,  XI,  p.  892.  Tchihatchef  gives  80-90  feet  as  the  height  of  th< 
bat  since  they  lie  half  a  league  away  from  the  sea,  and  the  height  is  merely  ; 
which  mast  have  been  very  difficalt  to  make  from  a  distance,  I  have  not  ati 
valae  to  these  figures. 
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entered  with  its  full  salinity ;  its  shores  were  formed,  then  as  now,  to 
a  great  extent  of  loess.  Then  freshening  set  in,  accompanied  by  negative 
movement.  The  sea  of  Azov  enlarged  itself  by  destruction  of  its  shores ; 
and  finally  the  Sivash  was  shut  off^. 

2.  Locvs  of  Tnaxvmvmi  depression  in  the  surface  of  the  Mediterranean. 
Wherever  exact  measurements  have  enabled  us  to  compare  the  Mediter- 
ranean with  the  Atlantic  its  surface  has  been  found  to  lie  below  that  of  the 
Ocean.  The  following  figures  are  taken  from  the  reports  of  the  Inter- 
national Geodesic  Association  and  the  communications  made  to  it  by 
various  European  governments: — 


Swinemiinde — Trieste  • 
Swinemiinde— Marseilles 
Calais — Marseilles  •  . 
Brest — Marseilles  .  .  . 
La  Rochelle — Marseilles 
Bayonne — Marseilles  . 
Santander — Alicante 


Meters. 
-0499 

-0664 

-0.768 

-1022 

-0-400 

-0.866 

-0.6682. 


These  negative  values  show  that  the  Mediterranean  is  a  passive  region, 
and  Forchhammer's  chemical  analyses  lead  to  the  same  result.  This  investi- 
gator found  that  the  density  in  the  Atlantic  Ocean  increased  off  the  west 
coast  of  Africa  under  the  influence  of  the  Sahara ;  and  that  Atlantic  water 
entering  the  Mediterranean  at  Gibraltar  has  a  salinity  of  8.68  per  cent 
But  in  long.  4"*  2'  W.  the  salinity  has  already  risen  to  8*7 ;  between  the 
Balearic  isles  and  Spain  it  is  8*8  and  8*88,  at  Malta  8-86 ;  off  the  coast  of 
Greece,  no  doubt  under  the  influence  of  the  Bosphorus,  it  is  slightly  less, 
falling  to  8*8;  the  maximum  which  Forchhammer  records  was  found  in 
samples  taken  between  Crete  and  the  coast  of  Africa ;  it  amounts  to  8-98 
per  cent.  The  subsequent  work  of  Carpenter  confirms  these  results.  He 
found  a  density  of  1.0271  for  theinflowing  water  at  Gibraltar  taken  at  the 
surface,  and  of  1-0298  (salinity  8*91  per  cent.)  for  the  outflowing  water 
in  the  undercurrent  at  a  depth  of  260  fathoms;  at  the  surface  the  density 
off  Sicily  is  1-028  to  1-0284,  between  Malta  and  Crete  1-0284  to  1-0288,  not 
far  from  the  gulf  of  Solum  or  Milhr  (Mellah)  on  the  eastern  boundary  of 
Barca  1-0298  (in  1,660  fathoms  1-0294),  and  still  nearer  the  coast  of  Africa 
1-0294  (in  866  fathoms  1-0802).  The  greatest  density  in  the  Mediterranean 
thus  occurs  between  the  coast  of  Africa  and  Crete,  where  evaporation 
reaches  a  maximum  and  the  supply  of  fresh  water  falls  to  a  minimum  \ 

>  G.  Peters,  Die  Donan  and  ihr  Gebiet,  Svo,  Leipzig,  1876,  pp.  888,  884. 

*  Verhandlnngen  der  permanenten  Commitsioii  der  £urop&i8chen  Gradmeasiiiig  in 
Hamburg,  1878,  4to,  Berlin,  1879,  pp.  62-66;  and  Verb,  der  VII.  Conferens,  Berlin,  1884, 
p.  270  et  seq.  The  value  -  0-664  m.  for  Swinemflnde— Marseilles  was  obtained  by 
lerelling  tbrougb  Switserland ;  through  Amsterdam  and  Oitend  -  0*658  was  obtained. 

*  G.  Forchhammer,  On  the  Composition  of  Sea-water  in  different  parts  of  the  Ocean, 
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Hemmed  in  as  the  Mediterranean  is  by  surrounding  land»  its  level  must 
depend  on  the  ratio  between  evaporation  and  supply  and  thus  will  neces- 
sarily differ  from  that  of  the  Ocean ;  though  certainly  not  to  the  extent 
assumed  by  Bianooni  when  he  attempted  some  years  ago  to  explain  the 
horizontality  of  the  relict  strand-lines^.  Again,  we  may  fairly  conclude 
that  the  levd  of  the  Mediterranean  is  lowest  between  Crete  and  the  coad  cf 
Africa^  wnce  this  is  the  locus  of  maximum  density.  It  is  lower  here  than 
even  at  Alicante,  Marseilles,  or  Triest,  where  its  height  has  been  ascertained 
by  direct  measurements.  These  measurements  have  given  negative  values 
throughout ;  but  it  is  readily  intelligible  that  in  the  northern  part  of  the 
Adriatic,  which  is  subject  to  the  influence  of  the  Po,  the  negative  value 
should  be  slightly  less  marked,  and  in  accordance  with  this  Luksch  and 
Wolf  have  found  a  somewhat  lower  density  on  the  Italian  than  on  the 
Austrian  side  of  this  region  K 

Carpenter's  observations  show  further  that  water  with  a  unifonn 
temperature  of  18^  to  14*  C.  and  with  no  appreciable  signs  of  circulation, 
occupies  the  western  Mediterranean  from  a  depth  of  about  100  fathoms 
downwards,  while  the  temperature  of  the  Ocean  at  the  same  depth  is  much 
lower;  in  the  eastern  Mediterranean,  on  the  other  hand,  the  heat  of  the  sun 
certainly  penetrates  below  100  fathoms,  but  in  this  basin  also  stagnant 
water  is  reached  before  a  depth  of  200  fathoms.  This  mass  of  deep  water 
appears  to  be  undisturbed  by  currents  and  scarcely  any  interchange  takes 
place  with  the  overlying  layers.  The  temperature  of  the  upper  water 
reaches  SB'S**  C.  in  the  hottest  regions,  or  even  more,  and  the  maximum 
lies  a  little  below  the  surface,  the  surface  itself  being  cooled  by  rapid 
evaporation. 

Let  us  return  for  a  while  to  that  part  of  the  sea  situated  south  of  Crete. 
Although  the  negative  values  quoted  above  for  the  mean  level  on  the  south 
coasts  of  France  and  Spain  are  not  altogether  negligible  and  even  reach 
—  1*022  meters  between  Brest  and  Marseilles,  yet  the  density  in  these 
western  parts  of  the  Mediterranean  is  only  a  little  greater  than  that  of  the 
Ocean,  and  it  is  therefore  probable  that  the  fall  of  level  is  much  more  con- 
siderable south  of  Cyprus  and  on  the  borders  of  Africa.     This  may  be 

Phil.  Trans.  London,  1865,  CLY,  pp.  203-262 ;  W.  B.  Carpenter  and  J.  Gwyn  Jefheyh 
Report  on  Deep-Sea  Besearches  carried  on  during  the  Months  of  July,  Augoat,  and 
September,  1870,  in  H.M.  Sorv.  Ship  Porcupine,  Froc.  Roy.  Soc.,  1871,  XU, 
pp.  146-221 ;  and  Carpenter,  Report  on  Scientific  Researches  carried  on  daring  the 
Months  Augnst,  September,  and  October,  1871,  in  H.M.  Sorv.  Ship  Sheaiiaaler,  op. 
cit.,  1872,  XX,  pp.  535-644.  T.  Fischer  estimates  the  depth  of  water  which  yearly 
evaporates  over  the  Mediterranean  at  8  meters  at  least ;  Peterm.  Mitth.,  1885,  XXXt 
p.  415. 

^  J.  J.  Bianconi,  Sur  Tancien  exhaussement  du  bassin  de  la  M^diterran^e ;  Bull.  See. 
g^ol.  de  Fr.,  1865-1866,  2«  s^r.,  XXIII,  pp.  72-80. 

*  J.  Luksch  and  J.  Wolf  in  F.  Attlmayr,  Handbuch  d.  Oceanographie,  8vo,  Vienna. 
1888, 1,  p.  360.  I 
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inferred  from  the  greater  density.  The  density  of  the  Atlantic  water 
flowing  in  through  the  strait  of  Gibraltar  is  1-0271.  In  the  galf  of  Milhr 
it  is  L0298  at  the  surface,  and  1-0294  at  a  depth  of  1,650  fathoms.  We 
will  take  1,660  fathoms  as  the  greatest  depth  and  1-02985  as  the  mean 
density  at  Milhr.  A  column  of  water  1,690  fathoms  high  in  the  gulf  of 
Milhr  would  require  a  column  of  Atlantic  water  6-6  meters  higher  to  balance 
it.  But  if  we  reckon  from  the  maximum  density,  1-0802,  then  we  find  that 
a  column  of  ISMO  meters  of  Mediierrariean  vxi^ 
to  a  cclv/mn  of  1,008  Tneters  of  Atlantic  vxxter. 

It  is  true  we  have  no  precise  knowledge  either  of  the  form  or  the 
depth  of  the  wide  funnel  which  forms  the  surface  of  the  Mediterranean 
in  this  region,  but  we  may  fairly  assume  that  it  is  at  such  loci  of  maximum 
depression  that  climatic  changes  would  produce  the  most  marked  effects 
on  the  height  of  the  sea-level.  Now  it  is  a  remarkable  fact  that  the  most 
important  movements  of  the  strand-line  which  have  occurred  in  historic 
times  have  been  observed  precisely  in  this  region  on  the  south-west  coast 
of  the  island  of  Crete,  and  as  far  as  Cerigotto. 

In  1852  Leycester  published  an  observation  made  by  Lieutenant 
Mansell,  who  had  made  measurements  of  a  well-marked  strand-line  at  cape 
Ejrio,  the  south-west  comer  of  Crete,  and  found  a  height  of  -h87  feet 
(11*24  meters).  In  the  north-west  of  the  island,  opposite  Grabusa,  and 
again  at  cape  Spadha,  this  line  had  sunk  to  about  +  20  feet  (6*07  meters), 
thence  proceeding  along  the  north  coast  towards  the  east  it  descended  still 
lower,  and  was  met  with  in  the  bay  of  Sudha  at  a  height  of  +  6  feet 
(1-8  meter).  The  case  is  similar  on  the  south  coast,  where  the  line 
descends  towards  the  east  to  disappear  against  the  plain  of  Gortyna^. 

So  many  different  strand-lines  and  zones  of  perforations  occur  on  the 
coast  of  Italy,  dating  from  various  periods,  that  this  account  given  by 
Leycester  for  the  first  time  must  be  received  with  great  caution. 

In  the  year  1862  Captain  Spratt  announced  that  the  whole  island  of 
Crete  was  undergoing  a  tilting  movement ;  the  west  had  already  been  very 
much  elevated,  the  middle  had  not  moved,  the  east  was  slightly  depressed. 
He  stated  in  particular  that  at  Phalasama  the  whole  of  the  ancient 
harbour  works  stand  on  dry  land,  which  would  indicate  an  elevation  of 
22  feet  6  inches  (6-88  meters). 

Some  years  later,  in  1865,  Spratt  repeated  his  statements  in  detail  Many 
of  his  observations  relate  only  to  strand-lines  marked  on  rocks,  and  of 
indeterminate  age,  but  I  may  cite  the  following :  bay  of  Suda  (western 
half  of  the  north  coast),  minor  strand-lines,  boring  shells  in  their  holes, 
up  to  +2*07  or  2-12  meters;  Kisamo  (north-west  coast),  the  ancient  mole 
raised  about  5*47  meters:  cape  Orabusa  (north-west  point),  one  of  the 

^  E.  M.  Leycester,  Some  Account  of  the  Volcanic  Group  of  Milo,  Anti-Milo,  Kimolo, 
and  Polino ;  Joom.  Oeogr.  Soc.,  1852,  XXII,  p.  ^7. 
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three  Coiycaic  ialands  mentioned  by  writers  of  antiquity,  now  united  to 
the  mainland,  strand-lines  occur  up  to  +6*68  meters;  Phalasama  (west 
coast),  the  whole  foundation  of  the  harbour  on  dry  land«  strand-lines  up 
to  +6  or  7  meters.  The  strand-lines  without  any  indication  of  historic 
date  reach  a  maximum  with  +7*9  meters  between  Selino  and  Ldasos,  near 
cape  Krio  (south-west  coast).  A  strand-line  of  this  kind  is  also  mentkmed 
as  occurring  at  Zakro  in  the  extreme  east  of  the  island. 

The  traces  of  positive  movement  are  far  less  marked.  The  most 
striking  are :  Metala  (middle  of  the  south  coast),  some  tombs  hewn  in  the 
rock,  partly  covered  by  the  waves ;  cape  Sidara  (extreme  east),  partly  sub- 
merged buildings ;  Spina  longa  (north-east,  in  the  gulf  of  Mirabello),  ruins  of 
a  Greek  town  below  water,  positive  movement  1*8  to  2*4  meters  or  more. 
In  the  same  locality,  however,  Issel  found  indications  of  negative  movement '. 

It  will  be  seen,  for  reasons  to  be  mentioned  later,  that  the  evidence  in 
the  case  of  all  these  positive  traces  is  very  untrustworthy. 

Here  we  are  in  presence  of  a  problem  which  can  only  be  solved  by 
investigation  on  the  spot.  The  only  eigns  of  nsgative  movemerU  wkick 
have  been  observed  on  monv/ments  of  the  historic  period^  Puzasuoli  excepted, 
occur  around  the  locvs  of  maodrnwifn  depreaaion,  produced  by  dimatie 
influence.  The  movement  indicated  by  existing  observations  is,  however, 
so  great  (about  seven  meters),  that  in  the  absence  of  further  information 
I  can  hardly  venture  to  explain  it  by  change  of  climate  alone ;  fresh 
measurements  and  further  investigation  of  the  facts  are  indispensable. 

We  will  now  examine  some  of  the  most  important  evidence  presented 
by  the  shores  of  the  Mediterranean. 

3.  The  western  Mediterranean.  As  regards  the  character  of  the  shore 
in  the  gulf  of  Milhr  itself  I  possess  no  information.  The  negative  move- 
ment, supposed  by  Hamilton  to  have  occurred  at  Benghasi  on  the  eastern 
side  of  the  gulf  of  Gabes,  is  explained  by  Stacey  as  the  result  of  local 
subsidence  of  the  limestone  plateau;  other  examples  of  such  subsidence 
are  not  rare  in  this  district  \  Stache  calls  attention  to  the  fact  that  the 
two  islands  of  Eerkennah  and  Djarba,  two  little  strips  of  land  just  rising 
above  the  sea,  were  already  known  to  Herodotus,  and  consequently  no 
important  change  can  have  taken  place  on  the  coast  of  the  Syrtis  minor 

^  Extract  of  a  letter  from  Capt.  Spratt  on  Crete ;  Joum.  Geogr.  Soc.,  1854,  XXIV, 
pp.  238-289.  These  and  the  later  statements  of  Spratt  are  contained,  literallj  tranfi- 
lated,  and  conveniently  arranged  in  Y.  Raulin,  Description  ph  jsiqne  de  Ttle  de  Gr^te, 
Svo,  Bordeaux,  1869,  II,  pp.  681-691 ;  for  Spina  longa  see  Issel,  Oscillasioni  lenta  del 
suolo,  p.  279. 

*  Q.  B.  Stacej,  On  the  (Geology  of  Benghasi,  Barbarj,  and  an  Account  of  the  Sub- 
sidences in  its  Vicinity ;  Quart.  Joum.  Oteol,  Soc.,  1867,  XXIII,  pp.  884-386.  Hamilton. 
Beechey,  and  Barth  had  inferred  positive  displacement.  Also  Beurmann,  Zeitschr.  f.  allg. 
Erdk.,  Neue  Folge,  1862,  XII,  p.  409 ;  and  T.  Fischer,  Kilstenveifinderung  im  Mittelmeer- 
gebiete,  Zeitschr.  Ges.  f.  Erdk.,  Berlin,  1878,  XIII,  p.  156. 
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since  the  time  of  the  great  historian  ^  Fartsch  and  Rolland  agree  in 
showing  that  no  movement  has  occurred  daring  historic  times  at  Tunis ; 
this  is  proved,  in  particular,  by  the  character  of  the  lagoon  K  Recent 
marine  deposits  rest  against  the  coast  of  Algiers;  thus  Bleicher  has 
described  the  traces  of  an  ancient  sea  which  occur  on  the  coast  of  Oran 
up  to  a  height  of  +150  meters,  but  indications  of  the  strand  become 
increasingly  clear  as  we  approach  the  level  of  +40  to  20  meters.  At 
a  height  of  +  7  or  8  meters  fairly  regular  bands  of  shelly  sandstone  are 
met  with ;  the  shells  are  all  of  living  species ;  but  there  is  no  evidence,  so 
far  as  I  am  aware,  of  a  change  during  historic  times  ^. 

The  case  is  the  same  at  OibrcUtar ;  Smith  and  Maw  observed  a  mass  of 
stratified  sand  on  the  east  side  of  the  Bock  in  the  bay  of  Catalan  extending 
to  a  height  of  700  feet  (210  meters).  Smith  found  PcUellafemiginea  in  it. 
Strand-lines  have  been  observed  on  the  slopes  at  various  heights,  but  no 
evidence  has  been  discovered  of  movement  in  historic  times  ^. 

The  fact  that  the  town  of  Aiguea-Mortes  (Aquas  mortuae)^  west  of  the 
delta  of  the  Rhone,  where  Louis  the  Pious  embarked  in  A.  d.  1248  and  1270 
on  his  crusades  against  the  Infidel,  now  stands  five  kilometers  from  the 
sea,  has  given  rise  to  the  notion  that  great  changes  must  have  occurred 
in  this  locality  at  a  very  recent  date.  An  important  fact,  however,  has 
been  overlooked;  the  king  certainly  embarked  from  Aigues-Mortes,  but 
the  town  was  then  as  now  situated  within  the  region  of  the  lagoons,  which 
Louis  caused  to  be  connected  with  the  sea  by  a  canaL  Embarkation  on 
the  great  Genoese  and  Venetian  galleys  did  not  take  place  in  Aigues- 

'  G.  Stache,  Die  projectirte  Verbindung  des  algerisch-tunesiaohen  Chott^ebietes  mit 
dem  Mittelmeere ;  Mitth.  k.  k.  geogr.  Ges.  Wien,  1875,  XVIII,  p.  841.  Barth  had 
inferred  negative  movement ;  several  authors  have  connected  this  with  the  formation 
of  the  Palu9  TritonU. 

*  J.  Fartsch,  Verftnderang^n  des  Kfistensaomes  der  Regentschaft  Tunis  in  historischer 
Zeit,  Peterm.  Mitth.,  1888,  XXIX,  p.  201  et  seq.,  and  1885,  XXXI,  p.  154;  Rolland, 
Compt.  rend.,  1887,  CIV,  p.  600.  T.  Fischer,  who  had  expressed  an  opposite  opinion,  has 
since  accepted  the  views  of  Fartsch. 

'  Bleicher,  Note  sur  la  geologic  d*Oran,  Bull.  Soc.  g^ol.  de  Fr.,  1875,  8«  s^r..  Ill, 
pp.  187-195.  Existing  species  of  land  shells  are  also  found;  some,  such  as  Alexia 
JJ^erica,  occnr  at  a  level  of  40  meters  among  the  marine  shells.  These  are  the 
concrete  beds  of  Oran  observed  by  Tristram ;  G.  Maw,  Geological  Notes  on  a  Joamej 
from  Algiers  to  the  Sahara,  Quart.  Joum.  Geol.  Soc.,  1874,  XXX,  pp.  105  et  seq. 
T.  Fischer  has  collected  instructive  observations  on  the  erosive  action  of  the  waves 
on  the  north  coast  of  Africa,  but  supposes  this  action  to  be  seconded  by  a  positive 
displacement  of  the  strand,  which  decreases  towards  the  east.  The  &cti  adduced  do  not 
convince  me  of  the  necessity  of  this  supposition.  Fischer,  Kditenitadien  aus  Noid- 
Afrika ;  Feterm.  Mitth.,  1887,  XXXUI,  p.  5  et  seq. 

*  J.  Smith,  On  the  Geology  of  Gibraltar,  Quart.  Joum.  GeoL  Soc,  1846,  II,  p.  41 ; 
G.  Maw,  On  the  Evidences  of  Recent  Changes  of  Level  in  the  Mediterauittaa  Coast  Line, 
OeoL  Mag.,  1870,  VII,  p.  552;  F.  v.  Hochstetier,  Beise  der  Nofaimi  186S»  H,  p.  4; 
and  Ramsay  and  Geikie,  Geology  of  Gibialtar,  Qoui.  Joon.  GeoL  See.,  Un^  ZZZIV, 
pp.  521-525. 
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Mortes  itself,  but  at  a  place  which  still  lies,  as  it  did  then,  on  the 
shores  of  the  sea,  and  still  retains  the  name  of  Gran  Loois. 

Apart  from  this,  however,  the  position  of  Aigaes-Mortes  and 
admirable  account  of  it  by  Lentherie  aflford  an  excellent  opportonit 
additional  observations  on  the  formation  of  littoral  bars. 

In  our  study  of  the  North  sea  we  have  already  pointed  out  ho^ 
waves  falling  obliquely  on  its  shelving  shores  q>read  out  the  sand  anc 
it  up  before  them,  forming  crescentie  dunes  or  spits  miles  in  length, 
wind  contributes  its  action,  and  when,  as  is  generally  the  case,  Uie  n 
ment  is  not  directed  quite  at  right  angles  to  the  coast  lateral  displace 
occurs.    If  now  the  mouth  of  a  river  is  situated  say  to  the  east  anc 
displacement  is  towards  the  west,  then  a  spit  is  formed  to  the  west 
this,  if  it  increases  till  it  joins  the  next  fixed  point,  becomes  a  littora 
Secondary  circumstances,  however,  may  somewhat  alter  the  directii 
displacement.    Then  a  new  spit  arises,  and  in  course  of  time  a  neiPi 
separated  by  a  lagoon  or  marsh  from  the  preceding,  which  now  lies  fn 
inland.    It  is  asserted  that  even  a  lai^  clump  of  trees  may  suffice  i 
certain  circumstances  to  bring  about  a  deviation.    The  shifting  of  a 
mouth  in  the  delta  is  much  more  effective,  since  a  new  spit  begins  to 
from  the  fresh  source  of  sediment.    Nature  unaided  accomplishes 
processes  very  slowly ;  when,  therefore,  we  find  in  the  vicinity  of  a 
mouth  successive  bars  visible  one  behind  the  other,  separated  by  la 
and  when  these  lagoons  show  no  signs  of  change  beyond  a  gradual  i 
up,  i  e.  when  the  whole  series  of  bars  rests  on  the  same  horizontal 
it  clearly  follows  that  since  the  formation  of  the  oldest  bar,  or  that 
furthest  inland,  no  important  movement  can  have  affected  the  le 
the  strand. 

At  Aigues-Mortes  four '  cordons  littoraux'  or  bars  are  visible  one 
the  other ;  towards  the  west  they  unite  into  a  single  tongue.  B* 
them  lie  sheets  of  water.  The  town  stands  between  the  second  an< 
bar.  Qrau  Louis,  where  the  embarkation  of  the  Crusaders  took  p 
situated  on  the  outer  side  of  the  fourth  or  outermost  bar ;  and  tl 
youngest  of  the  series,  was  already  in  its  existing  state  six  centuri 
Since  the  fifteenth  century,  when  the  Petit-Rhdne  was  diverted  fn 
neighbourhood  of  Aigues-Mortes  to  the  east,  and  made  to  dischs 
a  new  mouth,  another  spit  has  formed,  the  beginning  of  a  new  I 
Terre-Neuve,  and  Martins  calculates  that  this,  if  it  continues  to  | 
its  present  rate  without  interruption  by  storms,  will  reach  the  toi 
land  directed  towards  Montpellier,  east  of  Aigues-Mortes,  and  so  fore 
bar  in  the  course  of  the  next  eighteen  centuriea 

The  four  bars  of  Aigues-Mortes  rest  on  such  a  level  base  that 
at  high  tide,  the  river  Rhone  entered  between  all  four  bars,  overflo' 
depressions,  and  washed  against  the  walls  of  Aigues-Mortes,  so  t 
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gates  of  the  town  had  to  be  closed,  and  large  vessels  were  able  to  reach  the 
town  from  the  Rhone  \ 

The  great  extension  and  uniform  character  of  the  bars  to  the  west  of 
the  mouth  of  the  Rhone  bear  witness  to  a  long-continued  stability  in  the 
height  of  the  strand-line.  This  has  been  clearly  shown  by  Martins.  Only 
very  trifling,  perfectly  regular  and  compensatory  oscillations  are  com- 
patible with  this  state  of  things,  but  even  of  such  oscillations  we  have 
here  no  signs. 

In  the  south  and  east  of  the  delta  the  growth  of  the  land  does  not 
proceed  so  regularly;  in  one  place  the  land  advances  into  the  sea,  in 
another  the  sea  gains  upon  the  land,  tearing  away  the  greater  part  of  the 
material  laid  down  by  the  river.  Thus  it  happens  that  two  redoubts 
erected  in  the  time  of  Louis  XIV  now  stand  out  to  sea  at  some  distance 
from  the  shore. 

The  stability  of  the  spits  and  bars  of  western  Italy,  the  position  of 
the  Roman  roads  upon  them,  the  ancient  drain  under  the  rock  of  Cosa 
still  serving  its  original  purpose,  as  well  as  the  phenomena  at  Puzzuoli, 
have  already  been  discussed. 

The  whole  of  the  western  Mediterranean  has  been  searched  in  vain  for 
evidence  of  nru^vemenJt  of  the  strand-line  during  historic  times;  on  the  other 
hand  certain  facts,  such  as  the  successive  bars  of  Aigues-Mortes,  d^nitdy 
indicate  a  long-continued  stahUity. 

4.  Venice.  The  prominent  part  taken  by  Manfredi  and  Frisi  in  the 
discussion  of  movements  of  the  strand-line  calls  for  some  reference  to  the 
phenomena  observed  at  Venice. 

The  mouth  of  the  Po  is  a  very  instructive  region,  and  has  been  very 
closely  observed.  Accounts  of  changes  in  the  strand-line  date  back  from 
the  sixteenth  century.  At  the  close  of  the  eighteenth  century  Zendini 
definitely  asserted  that  the  sea-level  was  rising  at  Venice ;  more  recently 
Luciani,  Issel,  and  Eoratsch  have  collected  together  the  various  data  re- 
lating to  this  question  ^    But  in  this  case  also  it  is  necessary,  in  order  not 

^  C.  Lentheric,  Lea  Villes  mortes  da  Golfe  de  Lyon,  8vo,  Paria,  1876,  in  partionlar 
pi.  zii  and  pp.  851-883 ;  see  Martins,  Une  Ville  oubli^e,  Aigaes-Mortes,  son  pass^,  son 
present,  son  avenir,  Revne  des  Deux  Mondes,  1874, 1,  pp.  780-816,  also  Gompt  rend., 
1874,  LXXVIII,  pp.  1748-1750;  De  Cossignj,  Sur  la  correlation  qui  existe  entre  les 
oscillations  da  sol  et  la  configaration  des  cdtes  de  la  mer,  Ball.  Soc.  g^L  de  Fr.,  1875, 
8*  i6r..  Ill,  pp.  858-867.  The  last-named  aathor  has  maintained  the  theory  that  every 
Ixur  indicates  an  oscillation;  the  constraction  of  the  fifth  line  taking  place  at  the 
present  day  contradicts  this  view. 

*  Of  the  nameroos  works  on  this  sabject  I  will  only  mention  that  of  A.  Zendrini, 
Esami  di  alcnni  &tti  geologic!  giadicati  da  talano,  condacenti  a  dimostrare  Pinvariabilitk 
del  livello  del  mare,  Mem.  R.  1st.  Lomb.  Veneto,  1848,  II,  pp.  218-226.  The  elevation 
theory  was  only  invoked  here  in  later  years ;  see  e.  g.  Ballo,  Sopra  la  valcanicitit  ed  il 
lento  abaisamento  del  saolo  nella  Venecia  maritima,  8vo,  Padova,  1871 ;  J.  Laciani, 
Mofimenti  litoiali  della  provincia  di  Venezia,  Boll.  Soc.  geogr.  itaL,  1881,  XVIII, 
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to  be  misled  by  facts  of  secondary  importance,  to  consider  the  phenom6ii& 
as  a  whole. 

At  the  present  day  the  Po  transports  its  muddy  sediments  across  the 
outer  border  of  the  Lido  and  deposits  them  in  the  open  sea.  North  of 
the  main  part  of  the  delta  lies  the  lagoon  region  of  Venice,  and  south  of  it 
that  of  Comacchio.  In  addition  to  the  Fo,  however,  other  important  rivers, 
such  as  the  Adige  and  the  Brenta,  also  discharge  themselves  close  to  the  Po, 
and  the  changes  which  have  affected  the  lower  course  of  these  rivers  have 
not  been  without  influence  on  the  structure  of  the  alluvial  land.  The  Po, 
at  the  time  of  the  Romans,  discharged  a  considerable  part  of  its  waters  to 
the  south-east,  in  the  direction  of  Ravenna,  through  the  lower  course  of 
the  Reno,  now  silted  up.  Not  till  much  later,  since  the  year  1150  in 
particular,  when  the  Po  had  made  for  itself  a  new  bed  at  Ficarolo,  above 
Ferrara,  and  since  1526,  when  the  waters  of  the  Reno  above  Ferrara  were 
diverted  into  the  Po,  did  the  waters  of  the  latter  unite  more  and  more 
together  in  the  region  of  its  existing  mouths,  whereas  formerly  a  great  part 
of  its  sediments  was  carried  into  the  lagoon  of  Comacchio.  The  Adige  has 
often  changed  its  bed,  generally  moving  towards  the  south.  The  mouth 
of  the  Brenta  has  been  shifted  southwards  by  artificial  means. 

If  now  we  turn  to  the  charts,  and  the  little  generalized  maps  of  Reyer 
which  show  the  facts  very  clearly,  we  shall  see  that  three  bars  extend 
side  by  side  from  the  lagoons  of  Comacchio  across  the  delta  of  the  Po  to 
the  lagoons  of  Venice,  and  so  flat  is  all  the  intervening  land,  that  the  Po 
and  the  Adige,  making  use  of  ancient  openings,  have  been  able  to  shift  their 
lower  course  transversely  across  the  direction  of  the  bars  ^.  Of  these  bars 
it  is  the  innermost,  i.e.  the  most  westerly,  which,  as  at  Aigues-Mortes, 
must  be  regarded  as  the  oldest,  and  since  its  formation  no  important  dis- 
placement of  the  strand-line  can  have  occurred  in  the  whole  of  this  regi(HL 
But  this  bar  dates  from  a  period  far  remote  from  all  historic  record. 

If  notwithstanding  this  a  continuous  subsidence  of  the  ground  is  found 
to  occur  at  Venice,  the  cause  must  be  sought  in  local  conditions.  CoU^no 
asserted  many  years  ago  that  it  was  merely  a  matter  of  closer  settlement 
of  the  alluvium.  The  subsidence  near  the  mouth  of  the  Sile,  which 
between  the  eleventh  and  sixteenth  centuries  led  to  the  submergence  of 
the  flourishing  town  of  Ca  di  Riva,  together  with  the  fertile  country 
surrounding  it,  must  probably  be  regarded  as  the  result  of  a  local  de- 
pression of  this  alluvial  land.  Not  far  away  is  the  once  important  town 
of  Torcello,  which  in  like  manner,  and  possibly  owing  to  a  further  exten- 

pp.  576-585 ;  A.  Issel,  Le  oscillazioni  lente  del  suolo,  o  bradisismi,  Svo,  Gbnova,  1883, 
p.  250  et  Beq. ;  M.  Kovatsch,  Die  Venandung  von  Yenedig  und  ihre  Umchen,  8to, 
Leipzig,  1882,  p.  148. 

^  £.  Reyer,  Aenderungen  der  venezianiBohen  und  toscaDischen  Alluvialgebiete  in 
historiflcher  Zeit ;  Zeitschr.  Ges.  f.  Erdk.,  Berlin,  1882,  XVII,  p.  128. 
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sion  of  the  same  subsidence,  was  gradually  converted  into  marsh-land,  and 
fell  into  decay.  Koratsch  states  that  a  fresh-water  spring  wells  up  in  the 
crypts  of  the  principal  church  in  this  town ;  this  points  to  a  continuance 
of  the  movement.  The  broad  basin  of  the  Mille  Campi  near  the  present 
mouth  of  the  Brenta,  which  has  come  into  existence  since  the  beginning 
of  the  seventeenth  century,  and  is  now  covered  by  four  to  six  feet  of 
water,  must  also  be  regarded  as  a  local  subsidence.  Luciani  believes  that 
although  in  many  cases  the  cause  is  local,  especially  where  buildings 
subside  unequally,  like  the  towers  of  San  Giorgio  dei  Greci  and  San 
Stefano,  for  example,  yet  a  general  movement  of  the  strand-line  may  also 
be  recognized,  and  he  supports  this  view  by  observations  on  the  rocky 
coasts  of  the  northern  Adriatic.  Beyer  believes,  like  Collegno,  that  a 
continuous  settlement  of  the  alluvium  is  in  progress,  and  is  inclined  to 
think  that  the  whole  mass  of  alluvium  in  course  of  time  moves  slowly  out 
towards  the  bottom  of  the  sea. 

How  mobile  the  subsoil  of  the  city  is  has  been  shown  by  the  artesian 
wells.  After  many  futile  attempts  had  been  made  at  an  earlier  period, 
Degous^  succeeded,  between  the  years  1846  and  1849,  in  sinking  numerous 
deep  bore-holes  through  the  saturated  land;  some  of  them  attained  a 
depth  of  120  meters.  The  water  thus  reached  rose  above  the  level  of  the 
streets ;  it  was  accompanied  by  vegetable  matter,  and  frequently  by  vast 
volumes  of  combustible  gas,  evidently  a  product  of  decomposition.  In 
course  of  time,  however,  the  supply  of  all  these  wells  has  ceased  or  become 
very  much  diminished,  and  the  cause  is  supposed  to  lie  in  subterranean 
movements  of  the  ground  ^. 

In  some  cases  the  spouting  up  of  the  water  was  accompanied  by 
veritable  eruptions;  F.  von  Hauer  has  described  an  eruption  of  this  kind 
which  occurred  on  April  11, 1866,  near  San  Agnese.  The  boring  had  reached 
a  depth  of  about  fifty  meters,  when  a  jet  of  mud,  sand,  and  peat  shot  up  more 
than  forty  meters  high,  covering  the  roofs  of  the  surrounding  houses,  and 
converting  the  streets  into  streams  of  mud.  The  eruption  continued  with 
intermittent  force  for  several  hours;  the  ground  sank  round  about,  and 
the  neighbouring  houses  had  to  be  abandoned  by  their  inhabitants  *. 

^  P.  PkJeocapa,  Contiderasioni  sulla  costitiixione  geolog^ca  del  bacino  di  Venezia 
6  solla  probability  che  vi  rieacano  i  pozd  artesiani,  8vo,  YeneKia,  1846;  C.  A.  de 
Challaje,  Sor  lea  puits  art^ens  a  Yenise,  Bull.  Soc.  g^l.  de  Fr.,  1847,  2*  t^r.,  Y, 
pp«  28-26 ;  J.  Degouf^e,  Note  snr  les  alluvions  formant  lea  lagones  v^nitiennes  et  stir 
les  poits  art^iiens  de  la  yilie  de  Yenise,  ex^ntes  par  J.  Degous^e  de  1846  &  1849,  op. 
dt,  1850,  2*  s^r.,  YII,  pp.  481-484 ;  T.  A.  Gatullo,  Materie  terrose  ottennte  dalle  per- 
foraaoni  artesiane  praticate  nel  Campo  di  S.  Maria  Formosa,  Atti  R.  1st.  Yeneto,  1858, 
ser.  2,  lY,  p.  167.  A  general  section  of  the  borings  after  Degons^e  and  Laurent  is  given 
hj  A.  Tylor,  Formation  of  Deltas,  GeoL  Mag.,  1872,  IX,  pL  xi. 

*  F.  V.  Hauer,  Wasserausbmch  bei  einem  artesisohen  Bmnnen  in  Yenedig;  Jahrb. 
k.  k.  geol.  Reichsanst.,  1866,  XYI,  Yerhandlungen,  p.  65. 
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The  history  of  Venice  recounts  many  such  incidents  caused  Ir 
peculiar  nature  of  the  subsoil.  In  A.D.  1105  Malamooca  was  inundati 
a  great  sea- wave,  coinciding  apparently  with  an  earthquake,  and  aftc 
catastrophe  the  town  remained  under  water,  so  as  to  be  uninhabi 
The  bishopric  was  removed  to  Murano,  as  was  the  monastery  of 
Oipriano,  and  in  a.d.  1110  the  Doge  Ordelafo  Faliero  determined  1 
establish  the  town  in  a  place  better  protected  from  the  sea^  The 
1117  was  distinguished  by  a  series  of  extremely  violent  earthqi 
Venice  and  Padua  suffered  much ;  the  cathedral  of  Cremona  was  tb 
down  and  thousands  of  persons  lost  their  lives';  on  January  18  c 
same  year  during  an  earthquake  which  was  very  violent  at  other  i 
but  less  felt  in  Venice,  the  ground  opened  and  sulphurous  water  p 
forth ;  by  this  the  church  of  San  Hermagoras  was  set  on  fire  and 
down^ 

It  would  be  superfluous  to  multiply  examples,  which  show  to 
high  degree  this  alluvial  land  is  saturated  with  water  and  combi 
gasea  Under  such  circumstances  stability  of  the  strand-line  is  not 
expected;  and  we  have  rather  reason  to  marvel  that  the  alluviu 
borne  the  heavy  burden  of  great  buildings  in  comparative  repose 
many  centuries,  and  has  thereby  enabled  so  brilliant  an  example  of  ! 
culture  to  flourish  on  this  spot. 

It  cannot  be  denied,  however,  that  some  evidence  does  exist  in 
of  a  positive  movement  of  the  strand-line,  which  is  uniform,  though  i 
The  most  marked  change  is  said  to  be  visible  at  the  foot  of  the 

^  It  ifl  not  quite  certain  whether  an  earthquake  was  the  came ;  most  writers 
the  chronicle  of  A.  Dandolo ;  he,  however,  writes  (Muratori,  Remm  Italicarom  Sc 
XII,  p.  260):  'His  diebus  Mathemaucensis  civitas  similiter  maris  proflagratio 
incendiis  devastata,  tandem  in  totum  submersa  est.  Ex  quibus  ang^stiis  Yenef 
fama  iam  per  orbem  divulgata  erat,  in  intimnm  conquassata  est.  Post  haec  ten 
immensis  superveniens  aflUctis  afflictionem  adiunxit*  Sanuto  informs  us  in  '. 
Ducum  Venetorum  (Muratori,  XXII,  p.  485) :  '  In  questo  giomo  la  citta  di  Ma 
pel  mare  grande  che  venne,  si  sommerse ;  e  fu  in  Venezia  un  grandissimo  trem' 
rovind  assai  chiese  e  case  .  .  .  Nel  1110,  nell*  ottavo  anno  del  ducato  di  ques 
avendosi  compassione  della  chiesa  episcopale  di  Malamocco  e  della  citta  c 
sommersai  fu  determinate  di  rifiEirla  piu  in  quit  sicura  dal  mare.  .  .  .* 

*  L.  A.  Muratori,  Annali  d*Italia,  4to,  Milano,  1744,  p.  384. 

'  A.  Danduli,  Venetorum  Ducis,  Chronicon  Venetorum  (Muratori,  XII),  p.  266 
Ducis  anno,  die  13.  lanuarii  Indictione  10™*  fuit  terraemotus,  mitior,  alicubi 
qui  aedificia  obruit,  montes  et  rupes  contrivit ;  terra  etiam  aperitur  et  aquas  si 
emitUt ;  et  ex  hoc  combusta  est  Ecclesia  Sancti  Hermagorae  cum  adiacentis  suis 
autem  Sancti  loannis  Baptistae  divinitus  Ulaesa  ab  igni  permansit'  Sanuto 
cit.,  p.  485) :  'Nel  1117,  in  questi  giomi  a  Venezia  fu  un  grandissimo  tremuot< 
un*  acqua  sulfurea,  che  appicc6  fuoco  nella  chiesa  di  Sant*  Ermagora,  e  quella  f 
Ma  la  man  destra  del  glorioso  S.  Giomnbattista  fu  illesa  trovata  dal  fuoe 
grandissimo  miracolo  a  tutta  la  terra.*  The  combustible  gases  of  the  spring 
S.  Polo  were  examined  by  Kauer  and  Bizio ;  Sitzb.  k.  Akad.  Wiss.  Wien,  18 
2.  Abth.,  pp.  69,  70. 
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palace ;  it  is  very  slight,  and  the  statements  as  to  its  extent  are  conflicting. 
But  there  can  be  no  doubt  that  the  repeated  displacement  of  the  river- 
oourseB  and  their  steady  advance  towards  the  sea  must  lead  to  some  local 
disturbance  of  the  sea-level.  Any  diversion  of  the  rivers  from  the  lagoons 
towards  the  south,  and  any  improvements  at  their  mouths,  such  as  those 
made  in  this  century  at  Malamocco,  must  bring  about  a  closer  approxima- 
tion of  the  sea-level  to  that  of  the  Adriatic,  or,  that  is,  to  a  slight  negative 
displacement,  while  any  neglect  of  these  works  might  result  in  a  slight 
positive  displacement.  If  we  possessed  really  exact  information  extending 
over  some  centuries,  as  to  the  true  mean  level  of  the  lagoons  at  various 
times,  then  the  influence  of  the  regulating  works  would  certainly  find 
expression  m  the  record. 

Ravenna  is  also  built  on  piles ;  parts  of  the  floors  of  ancient  buildings 
are  said  to  lie  below  mean  tide,  a  fact  susceptible  of  the  same  explanation 
as  in  the  cases  just  discussed  ^. 

We  are  thus  led  to  the  following  results :  from  time  to  time  parts  of 
the  alluvial  land  give  way;  the  lagoons  contain  sometimes  more,  some- 
times less  water,  but  the  position  of  the  ancient  bars  shows  that  these 
oscillations  are  not  cumulative  in  their  effect,  and  that  no  important  dis- 
placement has  occurred. 

6.  The  Dinaro-Tauric  coasts  of  the  Mediterranean.  While  the  whole 
of  the  western  Mediterranean  from  the  Syrtis  minor  to  Gibraltar  lies 
within  one  of  the  Eurasian  arcs,  the  eastern  is  divided  into  two  moieties : 
a  northern,  which  belongs  to  the  Dinaro-Tauric  arc ;  and  a  southern,  which 
belongs  to  the  northern  border  of  the  desert  table-land.  The  northern 
moiety  is  thus  built  on  the  Pacific  type,  the  southern  on  the  Atlantic ;  the 
northern  includes  Crete  and  Cyprus ;  the  southern,  which  is  the  foreland, 
is  represented  by  Malta ;  and  the  two  moieties  stand  in  the  same  relation 
to  each  other  as  the  Caribbean  sea  to  the  gulf  of  Mexico.  In  America,, 
however,  it  is  the  northern  part  which  is  the  foreland,  and  the  delta  of 
the  Mississippi,  through  which  waters  of  the  plateau  are  discharged, 
corresponds  to  the  delta  of  the  Nile. 

^  The  Spidlegium  historiae  ravennatae  (in  Maratori,  Scriptores  Rerum  Italicarum,  1, 6^ 
p.  588)  writes  thus  on  the  subject  of  the  structure  of  the  temple  of  Galla  Placidia  (jl.j>.  426) : 
'  Iterum  Augusta  sudibus  locum  uuplet  super  quos  lapidea  fundamenta  componit.  Erat 
enim  palustris  locus  qui  sua  mobilitate  structuram  lapidum  non  admittebat/  VitruTius, 
iL  9,  writes  on  the  piles :  '  Est  autem  maxime  id  considerare  Ravennae,  quod  ibi  omnia 
opera  et  publica  et  privata  sub  fundamentis  eius  generis  habent  palos  *  (cf.  supra,  p.  8, 
note  1).  Further  expressions  of  doubt  occur  in  von  Hoff,  G«schichte  der  natOrlichen 
Verftnderungen,  I,  p.  467  et  seq.,  in  particular  p.  469:  *The  supposed  facts  concerning  the 
rising  of  the  Adriatic  sea  are  not  all  so  definitely  confirmed  as  some  Italians  have  wished 
to  represent  them,  and  other  learned  men  of  this  country  who  had  an  equal  opportunity 
of  observing  them,  and  had  equally  eyes  to  see  them,  have  directly  denied  their 
existence.* 
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A  comparative  study  of  seismic  shocks  felt  at  sea  has  led  K  Ru 
to  the  ooncltision  that  these,  like  seismic  and  volcanic  phenome 
general,  are  much  more  frequent  off  coasts  constructed  on  the  Pacific 
than  on  the  Atlantic ;  and  this  applies  not  only  to  the  coasts  of  the  ( 
but  also  to  the  Dinaio-Tauric  region  of  the  eastern  Mediterranean,  fc 
is  much  more  disturbed  by  earthquakes  than  its  foreland ;  in  like  m 
the  are  of  the  Antilles  suffers  much  more  than  the  gulf  of  Mexico  ^. 
important  result  requires  some  slight  qualification,  but  only  in  so  i 
that  part  of  the  foreland  adjoining  the  Tauric  chains  along  the 
fractures  of  Syria  and  beyond  to  the  Dead  sea  is  a  region  of  frequent  si 
In  general,  however,  the  contrast  between  the  two  regions  is  c 
marked,  and  a  striking  example  is  afforded  by  the  repose  of  Egi 
contrasted  with  the  frequent  concussions  in  the  Greek  archipelago. 

It  is  convenient,  therefore,  to  separate  these  two  regions,  and  im 
consider  first  the  Dinaro-Tauric  moiety,  that  is,  the  coasts  and  i 
which  extend  from  Trieste  to  Antioch. 

For  this  region  we  possess  the  masterly  work  of  Puillon  de  B 
on  the  coasts  of  the  Peloponnesus,  a  work  which  though  somewha; 
quated  is  a  model  of  exact  observation  and  unbiased  inference ;  w< 
also  numerous  scattered  contributions;  and  recently  two  importai 
closely  connected  regions,  the  Greek  archipelago  and  the  coast  of 
have  been  described  by  Cold  and  Tietze  respectively  K 

On  all  these  coasts  the  rivers  are  constantly  transporting  and  dep 
their  sediments,  and  large  tracts  of  new  alluvial  land  are  in  active  | 
This  is  the  case  from  the  mouth  of  the  Narenta  to  the   harb 
Tarsus,  already  silted  up  in  the  time  of  the  Romans.    The  wri 
antiquity  were  well  acquainted  with  these  facts.    '  It  seems  clear 
Herodotus  remarks  (ii.  10),  *  that  the  interval  between  the  ranges 
beyond  the  city  of  Memphis  must  at  some  time  have  been  a  bay  of  t 
precisely  resembling  in  this  respect  the  land  about  Troy,  and  Teul 
and  Ephesus,  and  the  plain  of  the  Meander,  to  compare  small  thin^ 
great;   for  none  of  the  rivers  which  have  built  up  these  lands  b 
deposits  can  be  compared,  as  regards  size,  with  even  one  of  the  fi^ 
into  which  the  Nile  is  divided.     But  there  are  rivers  which,  thot 
equal  to  the  Nile  in  size,  have  yet  accomplished  great  works.     I 
like  to  name  them  ;  among  others  not  the  least  the  Achelous,  whic 
through  Acamania  to  the  sea,  and  has  already  united  the  half 
Echinades  islands  with  the  solid  land.' 

*  E.  Rudolph,  Ueber  submarine  Erdbeben  und  Eruptionen,  Beitr&ge  zur  G< 
edited  by  G.  Gerland,  8vo,  Stuttgart,  1887, 1,  pp.  188-365,  in  particular  p.  244. 

'  Expedition  scientifique  de  Mor^e,  II,  2,  g^ologie  et  min^ralogie,  par  F 
Boblaye  et  Th.  Virlet,  4to,  Paris,  1833,  pp.  316-375 ;  C.  Cold,  Klistenverftnden 
Archipel,  2.  Aufl.,  8vo,  MOnchen,  1886,  map;  E. Tietze,  Beitr&ge  lur  Geologie  voi 
JaJhrb.  k.  k.  geol.  Reichsanst.,  1885,  XXXV,  pp.  367-384. 
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Thucydides,  Strabo,  and  Pausanias  speak  of  the  formation  of  land  by 
the  Achelons.  The  river  has  been  building  out  to  sea  for  centuries,  and 
thus  the  broad  lagoon  of  Missolonghi  has  arisen.  Boblaye  thinks  it  will 
not  be  long  before  the  current  of  the  gulf  of  Lepanto  sets  a  limit  to  the 
growth  of  the  land. 

Similarly  the  Sperchios  has  slowly  and  steadily  built  up  the  plain  of 
Thermopylae,  and  the  narrow  pass  is  a  pass  no  longer  ^  in  this  way  the 
harbour  of  Milet  has  been  filled  up,  and  the  island  of  Lade,  lying  in  front 
of  it,  united  with  the  mainland  by  the  Meander ;  and  so,  finally,  by  the 
unceasing  work  of  the  rivers  all  those  new  tracts  of  land  have  been  formed 
which  may  be  seen  on  the  south  coast  of  Asia  Minor,  but  these  it  is 
scarcely  necessary  to  enumerate. 

Not  long  ago  a  theory  was  advanced  that  all  the  great  deltas  are 
situated  over  subsiding  areas ;  the  discovery  of  peat  and  trunks  of  trees 
at  a  great  depth  in  the  deltas  of  the  Po,  the  Ganges,  and  the  Nile  was 
adduced  in  its  support  Since,  however,  deltas  grow  forward  sometimes 
by  the  formation  of  alluvial  ridges  on  which  the  river  flows,  and  at  others 
by  the  spreading  out  of  sheets  of  sediment,  it  is  evident  that  such  remains 
as  these  may  be  deposited  at  great  depths  without  any  change  in  the 
level  of  the  strand.  On  the  other  hand,  deltas  have  lately  been  regarded 
as  indications  of  elevation,  but  no  sufiicient  evidence  has  been  advanced 
in  favour  of  this  theory  K  I  confess  that  I  find  it  difficult  to  discover  in 
these  formations  anything  else  than  the  undisturbed  progress  of  those 
activities,  which  were  familiar  to  Herodotus  more  than  twenty-three 
centuries  ago,  and  to  Strabo,  who  nearly  nineteen  centuries  ago  observed 
and  described  them  with  the  greatest  accuracy  and  perspicuity.  Their 
growth  may  be  hastened  by  deforestation,  but  they  are  proofs  neither  of 
positive  nor  negative  displacement  of  the  strand;  all  that  they  indicate 
is  a  state  of  repose. 

In  numerous  localities  recent  shell  beds  are  known,  which  contain  frag- 
ments of  pottery ;  they  are  no  doubt  ancient  kitchen  middens.  Further, 
perforations  made  by  boring  shells  may  be  seen  in  Greece  at  various  heights 
above  the  sea ;  in  Asia  Minor  also  such  perforations  are  known  to  occur, 
as  at  Marmaridje,  north  of  Rhodes,  at  a  height  of  more  than  + 10  meters  \ 
I  can  find  no  reference  to  the  presence  of  these  borings  in  works  of  human 
construction,  and  I  believe  that  here,  as  in  Italy,  they  date  from  pre- 

*  W.  Viscber,  Erinnerangen  und  EindrQcke  aus  Griechenland,  2.  Ausg.,  Basel,  1875, 
p.  687  et  seq. ;  Bittner,  Denkschr.  k.  Akad.  Wiss.  Wien,  1878,  XL,  p.  19,  pi.  I,  fig.  1. 

*  R  Credner,  Die  Deltas,  ihre  MorpbolQgie,  geofipuphische  Verbreitang  und  Ent- 
ftebungsbedingangeii ;  Peterm.  Mitth.,  1878,  Erg&nzungsheft  No.  56. 

*  G.  Tezier,  Asie  Mineare,  in  L'Univers  Pittoresque,  Histoire  et  description  de  tons 
les  peuples,  8vo,  Paris,  1862,  p.  84.  The  statements  as  to  oscillations  on  Pturos  are  not 
proved ;  cf.  Tietze,  Verb.  k.  k.  Geol.  Reicbsanst,  1887,  pp.  68-66. 
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historic  times.  Indeed,  with  the  exoeption  of  Crete,  I  know  of  no  la 
which  has  famished  evidence  of  any  negative  movement  whatever  im 
the  Dinaro-Taoric  region.  The  volcanic  ejectamenta  of  Santorin  ha^ 
relevance  to  this  question. 

At  many  places  on  the  coast  of  Greece  and  Asia  Minor  mini 
monuments  may  be  seen  standing  wholly  or  in  part  under  water, 
have  been  regarded  as  so  many  proofs  of  positive  movement,  but  I 
we  shall  be  able  to  show  that  a  better  interpretation  for  them  is  fun 
by  the  writings  of  antiquity. 

In  the  summer  of  426  aa,  when  a  devastating  earthquake  affeet< 
shores  of  the  gulf  of  Mali  (bay  of  Zeituni),  the  alluvial  land  on  whii 
town  of  Skarphia  was  built  broke  away  from  the  foot  of  the  mou 
and  sank  into  the  sea.    In  878  B.  c,  under  similar  ciroumstancea,  the 
land  on  which  Helike  stood  separated  itself  from  the  harder  rocks,  ai 
town  with  its  whole  population  was  swallowed  up  by  the  sea.    Nei 
and  Partsch  have  collected  some  very  instructive  accounts  of  these 
from  the  writings  of  ancient  authors.    Aegion,  situated  near  the  snbi 
Helike,  was  visited  by  an  earthquake  in  A.  D.  28,  and  again  in  IS 
1861.    Julius  Schmidt  has  described  in  great  detail  how  during  the 
quake  of  December  26, 1861,  the  whole  mass  of  alluvium  separate 
the  older  formations  along  a  fissure  thirteen  kilometers  in  lengl 
gliding  down  was  engulfed  in  the  sea  \ 

So,  too,  in  July,  1688,  Smyrna,  and  in  particular  the  Turkish 
the  entrance  of  the  harbour,  was  submerged,  and  in  the  same  n 
alluvium  of  Mytilene  gave  way  during  the  earthquake  of  1867*. 
indeed,  as  Boblaye  truly  remarks,  is  the  common  history  of  a1 
towns  and  harbours  on  the  coasts  of  the  Peloponnesus,  the  ruins  ol 
are  visible  beneath  the  sea,  as  at  Epidaurus,  in  the  vicinity  of  cap 
and  of  Nauplia,  as  well  as  various  other  places.    It  is  the  same  pn 
in  the  earthquake  of  1783,  separated  along  a  fissure  several  n 
length  the  Tertiary  land  of  Calabria  from  the  ancient  mass  of  Aspr 
as  during  the  same  year  caused  the  harbour  walls  of  Messina 
into  the  sea,  in  1755  the  great  quay  of  Lisbon,  and  in  1692  the  '. 
foundations  and  warehouses  of  Port  Royal  in  Jamaica.    Such  suh 
depend  on   many  circumstances — on  the  steepness  of  the  rockj 
against  which  the  alluvial  land  rests,  on  the  nature  of  the  alluv 
itself,  on  the  underground  water,  on  the  mass  and  distribution  of  i 
due  to  buildings  and  other  constructions,  and  finally,  on  the  intern 

^  C.  Neumann  und  J.  Partsch,  Phjsikalische  Geographie  von  Griechenl 
Breslau,  1885,  p.  321  et  seq. ;  J.  Schmidt,  Studien  tiber  £rdbeben,  2.  Ausg.,  8vg 
1879,  p.  78  et  seq. 

'  Fonqu^,  Rapport  sar  lea  tremblements  de  terre  de  C^phalonie  et  de  M 
1867,  8vo,  Paris,  1867,  pp.  11,  13. 
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direction  of  tlie  Bhock ;  it  is  eveti  conceivable  that  it  is  not  the  shock  itself, 
but  the  transitory  unloading  of  the  submarine  slope  due  to  the  passage 
of  the  seiamic  wave,  which  produces  the  effect.  Such  a  subsidence  may 
indeed  occur  simply  through  overweighting,  and  independently  of  any 
earthquake,  as  happened  at  Zug  in  Switzerland,  where  the  alluvium 
slipped  down  on  the  margins  of  a  lake.  None  of  these  phenomena,  how- 
ever, are  dislocations  of  the  rocky  crust  of  the  earth,  and  they  have  no 
connexion  with  oscillations  of  the  strand-line. 
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The  indications  of  subsidence  recorded  from  the  south  coast  of  Asia 
Minor  appear  to  have  the  same  origin. 

The  best  known  example  is  afforded  by  the  bay  of  Makri.  Fellows  de- 
scribes a  great  mausoleum  standing  here  in  the  midst  of  the  water  (Fig.  41), 
and  observes  that  a  daily  rise  and  fall  of  the  water  level  is  visible  on  the 
side  of  the  tomb ;  this  is  caused  by  a  regular  change  of  the  wind,  and  affects 
a  zone  of  about  two  feet.  Fellows  further  points  out  that  not  only  is 
one  side  of  the  mausoleum  broken  open,  as  is  the  case  with  most  monu- 
meats  of  the  kind  which  have  been  visited  by  treasure-seekers,  but  the 
WL..-I.  ag 
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massive  cover  has  been  displaced  to  one  side,  and  from  this  he  condudes 
that  the  subsidence  of  the  tomb  is  the  result  of  an  earthquake.  Spratt 
and  Forbes,  on  the  other  hand,  referring  to  the  same  monument,  state  that 
it  has  been  bored  by  marine  animals  up  to  a  third  of  its  height,  showing 
that  the  gi^und  on  which  it  stands  once  lay  considerably  lower  than  at 
present,  and  that  it  is  now  probably  rising.  This  would  indicate  oscilla- 
tion of  the  strand.  But  Dr.  F.  von  Luschan,  who  has  examined  the  tomb 
with  very  great  care,  kindly  informs  me  that  the  description  given  by 
Fellowes  is  correct,  and  that  borings  by  marine  animals  are  not  to  be  seen. 
This  instance  is  therefore  susceptible  of  the  same  explanation  as  that 
found  for  the  subsided  buildings  on  the  coast  of  Greece  ^. 

In  the  latest  general  account  of  the  evidence  presented  by  the  coast 
of  Lycia,  von  Luschan  enumerates  the  following  cases :  the  mausoleum  of 
Makri  just  mentioned,  which  stands  in  the  water  near  Eekova,  the  sub- 
merged coast  road  on  the  Elimax,  and  submerged  foundations  in  Sand- 
shakly  and  around  Eekova,  as  well  as  at  Tristomo  on  the  island  of 
Eekova.  The  statements  which  have  been  made  as  to  negative  movement 
or  elevation  of  the  ground  rest  on  insufficient  evidence  ^ 

With  regard  to  the  coast  road  on  the  Elimax,  Luschan  says  we  must 
conclude  that  in  the  time  of  Alexander  it  was  possible  with  a  favourable 
wind  to  march  along  the  coast;  at  present  this  is  no  longer  the  case; 
twice  the  road  ascends  to  a  height  over  steep  clifb.    Observations  made 

^  C.  Fellows,  An  Account  of  DiscoverieB  in  Lycia,  8vo,  London,  1841,  pp«  112,  118,  fig. ; 
by  the  same.  Travels  and  Researches  in  Asia  Minor,  &c.,  Svo,  London,  1852,  p.  802,  ^. ; 
Spratt  and  Forbes,  Travels  in  Lycia,  Milyas,  and  the  Gibyratis,  8vo,  London,  1847,  II, 
p.  189.  Dr.  Luschan  writes :  '  In  the  present  case  it  certainly  appears  as  though  Spratt 
and  Forbes,  otherwise  very  trustworthy  and  acute  observers,  have  been  mistaken ;  I  at 
least  failed  to  discover  a  single  place  on  the  mausoleum  which  oould  be  described  as 
''bored  by  marine  animals.''  The  strange  statement  "to  a  third  of  its  height,'*  which 
leaves  us  ignorant  whether  the  height  referre;^  to  is  its  entire  height  above  the  surface 
of  the  water,  or  the  height  of  the  Soros  proper,  the  tomb  beneath  the  cover,  shows 
that  the  observation  in  question  was  made  in  a  hasty  and  superficial  manner  not  usual 
in  these  authors.  I  feel  convinced  that  the  mausoleum  is  uniformly  weathered,  certainly 
more  on  the  windward  than  on  the  opposite  side.  I  have  never  seen  rocks  bored  by 
marine  animals,  and  therefore  do  not  venture  to  give  a  definite  opinion,  but  I  have 
examined  the  mausoleum,  particularly  as  regards  these  borings,  with  the  book  by  Spratt 
and  Forbes  in  my  hand,  and  I  could  find  absolutely  no  other  holes  than  such  as  are 
everywhere  produced  by  erosion  in  the  limestone  of  Lycia.  Fellows'  explanation  of  the 
strongly  weathered  dark  band  at  the  existing  water  level  appears  to  me  entirely 
satisfactory ;  it  certainly  corresponds  to  the  existing^  more  or  less,  regular  oscillations 
of  the  water  level.'  Dr.  Luschan  estimates  the  submerged  part  at  2*1  meters  at  least, 
to  which  we  must  add  the  original  height  of  the  structure  above  the  water.  Tietae 
unfortunately  has  only  seen  the  mausoleum  from  a  distance ;  Beitrftge  sur  Gkologie  von 
Lykien,  p.  294. 

'  I  borrow  these  statements  from  the  proof  sheets  of  Reisen  in  Lykien  and  Earien, 
Bd.  II,  p.  46,  note  2,  placed  at  my  disposal  by  the  great  kindness  of  Petersen  and 
F.  V.  Luschan. 
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at  low  water  in  January,  1885,  show  that '  the  sandy  ground  at  the  foot 
of  these  steep  cliffs,  which  formerly  offered  a  practicable  road,  is  now 
covered  by  the  sea  to  a  depth  of  four  meters/ 

All  these  examples  of  positive  movement  are  of  the  same  nature  as 
those  local  spasmodic  subsidences  which  we  have  described  as  aflFecting  the 
coasts  of  Greece. 

Benndorf  and  Niemann  mention  submerged  walls  at  some  other  points 
also,  and  in  addition  great  rectangular  excavations  hewn  in  the  rocky 
coast  about  Kekova  and  in  Jali  bay,  'immediately  above  the  surface  of 
the  water  and  extending  below  it';  these  are  believed  to  be  quarries \ 
Tietze  shares  this  opinion,  and  thinks  that  they  indicate  positive  move- 
ment. The  purpose  of  these  works  is  not  known;  in  Egypt  also,  near 
Alexandria,  in  the  consolidated  calcareous  sands  of  the  outer  bar  at  the 
mouth  of  the  Nile,  similar  rectangular  excavations  are  to  be  seen  which 
extend  some  distance  beneath  the  sea;  but  in  this  region  a  sensible  dis- 
placement of  the  strand  has  certainly  not  taken  place. 

Thus  as  regards  the  coasts  of  Greece  and  Asia  Minor  the  observations 
at  our  disposal  do  not  enable  us  to  recognize  with  certainty  any  displace- 
ment of  the  strand-line  within  the  historic  period.  The  indications  of 
positive  movement  are  probably  everywhere  the  result  of  subsidences  of 
the  alluvial  land  which  rests  against  the  rock;  indications  of  negative 
movement  during  the  historic  period  are  altogether  absent. 

On  the  other  hand  there  are  definite  signs  of  a  very  long  continued 
repose.  These  consist  of  a  plain  of  erosion  and  a  line  of  sea  caves  which 
are  to  be  seen  at  many  localities  along  the  existing  coast,  particularly  in 
the  Peloponnesus. 

The  coastal  zone,  which  is  exposed  to  the  influence  of  the  waves  and 
surf,  has  been  admirably  described  by  Boblaye  ^  This  region  is  termed 
the  aura  marina.  Its  ch€u:ttcters  appear  most  clearly  where  the  hard  lime- 
stone formed  a  rocky  shore,  and  at  such  places  a  vertical  series  of  several 
zones  of  different  colour  may  be  distinguished.  Close  above  the  breakers 
lies  a  dark  band ;  roughness,  fissures,  and  cavities  increase  its  sombre  hue ; 
its  lowest  part  is  covered  by  a  green  film.  Above  this  band  follows  bare 
rock,  in  colour  dazzling  white,  sometimes  also  reddish  or  yellow;  above 
this  is  a  grey  zone ;  here  the  first  green  patches  of  vegetation  begin  to 
appear;  finally,  above  the  extreme  limits  reached  by  the  waves,  which 
seldom  ascend  higher  than  thirty-five  or  forty  meters,  there  begins  a  con- 
tinuous mantle  of  vegetation.  The  restricted  tidal  zone  which  lies  beneath 
these  coloured  bands  is  hollowed  out  in  the  shore.    It  extends  some  meters 

'  O.  Benndorf  and  G.  Niemann,  Reiien  in  Ljkien  und  Earien,  foL,  Vienna,  1884,  p.  28. 
I  am  indebted  to  Hofrat  Benndorf  for  much  kind  information  on  Hub  subject 

*  Exp^tion  scientifique  de  Mor^  ;  II,  2 :  G^logie  et  Min^ralogie,  par  Puillon  de 
Boblaye  et  T.  Virlet,  pp.  887-846. 

aga 
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above  and  below  mean  tide.  Its  submerged  part  is  a  plain  of  erosion 
which  at  first  slopes  very  gently  out  to  sea,  and  then  plunges  abruptly  to 
a  great  depth.  In  the  hard  limestone  its  breadth  is  rarely  so  much  as  four 
or  five  meters,  but  in  softer  rocks  it  is  much  greater,  i.  e.  at  Marathonisi, 
where  the  Tertiary  l)eds  have  been  so  far  washed  away  that  a  steep  cliff 
has  been  formed  sixty  meters  in  height,  and  from  the  foot  of  this  a  man 
may  walk  out  to  sea  for  200  meters  without  getting  out  of  his  depth  ;  this 
is  also  the  case  near  Aegina,  and  particularly  near  Modon,  where  at  a  dis- 
tance of  200  meters  from  the  shore  the  sea  bottom  sinks  rapidly  into 
deep  water.  Where,  as  near  Nauplia,  the  shore  consists  of  breccia  or 
conglomerate  the  waves  may  undermine  it  to  the  extent  of  eight  or  ten 
meters.  The  cliff  thus  comes  to  be  undercut,  overhangs,  and  is  pierced  by 
rows  of  sea  caves. 

In  the  zone  of  erosion  off  cape  Qrosso,  between  the  bay  of  Messenia 
azld  the  gulf  of  Laconia,  there  is  a  line  of  larger  and  smaller  caves  which 
so  frequently  communicate  with  one  another  that  the  coast  appears  to 
be  almost  continuously  undercut ;  the  sea  rushes  into  them  with  a  roar 
like  distant  thunder.  This  is  the  promontory  which  even  in  ancient  times 
was  known  as  the  Thyrides  or  Gates  of  the  Coast  \  Similar  caves  also  occur 
at  cape  Matapan,  on  the  rooky  island  in  front  of  the  harbour  of  Navarin, 
and  at  other  places.  These  sea  caves  are  different  from  those  formed  in  the 
same  limestone  by  percolating  water ;  they  are  never  divided  into  stages, 
but  if  joints  are  present  may  attain  a  not  inconsiderable  length ;  their 
floor  never  extends  far  beneath  the  sea.  Under  such  circumstances  a  long- 
continued  stability  of  the  strand-line  must  be  inferred. 

In  Asia  Minor  we  meet  again  with  similar  features.  Scherzer  remarks 
that  in  the  bays  of  Agrilia,  Sika,  and  Kalamaki,  on  the  south  side  of  the 
peninsula  of  Tshesme,  outside  the  gulf  of  Smyrna, '  the  cliffs  are  undercut 
by  the  play  of  the  waves  to  the  extent  of  several  feet,  so  that  some 
isolated  rocks  look  as  though  they  had  a  head  and  neck,  and  give  proof 
that  the  sea-level  has  remained  unchanged  for  many  thousands  of  years  K' 
Herr  Bukowsky,  who  gave  particular  attention  to  this  question  when 
studying  the  island  of  Rhodes,  informs  me  that  he  could  nowhere 
find  traces  of  movement  belonging  to  the  historic  period,  but  in  some 
localities  he  observed  that  the  undercut  part  of  the  cliff  corresponded 
with  mean-tide  level.  Professor  Benndorf  has  drawn  my  attention 
to  the  fact  that  the  lagoon  in  which  the  fish  oracle  of  Apollo  Surios 
had  its  seat  near  Sura,  north-east  of  Eekova,  may  perhaps  still  be 
recognized,  though  now  silted  up.  The  spring  mentioned  by  Artemidor 
and  Pliny  is  still  visible  near  the  ruins  of  the  temple;  it  fiowed  into 
a  lagoon,  in  which  by  cutting  through  the  bar  the  fish,  as  they  entered 

^  Strabo,  viii.  2.  2,  4.  4,  5.  1 ;  Boblaye,  op.  cit.,  p.  339. 
^  C.  V.  Scherzer,  Smyrna,  8vo,  Vienna,  1873,  p.  5,  note. 
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from  the  sea,  were  made  use  of  for  purposes  of  the  oracle  in  the  same  way 
as  elsewhere  for  capture  ^.' 

If  we  follow  on  the  map  the  site  of  the  subsidence  of  the  alluvial 
deposits  of  Mytilene  in  1867,  and  of  the  subsidence  at  Smyrna  in  1688, 
the  undercut  shore  on  the  south  side  of  the  peninsula  of  Tshesme,  the 
Pholas  borings  at  Mermeridje  found  at  a  height  of  over  ten  meters,  the 
undercut  coast  of  Rhodes,  and  finally,  the  submerged  base  of  the  mausoleum 
of  Makri,  we  see  clearly  from  the  position  of  these  localities  how  alleged 
traces  of  positive  and  negative  movement  follow  each  other  in  close 
alternation  along  the  coast.  The  borings  of  Mermeridje  can  alone  be 
regarded  as  genuine  indications  of  a  change  in  the  level  of  the  strand-line, 
but  these  must  date  from  a  time  long  prior  to  the  historic  period ;  within 
the  historic  period  there  is  absolutely  no  evidence  of  a  displacement  either 
positive  or  negative;  on  the  contrary,  the  character  of  the  strand  both 
here  and  in  Greece  points  to  a  long-continued  repose. 

Wiebel  believes  that  the  existence  of  ancient  buildings  beneath  the 
sea-level  in  the  bay  of  Samos  may  be  explained  by  subsequent  sinking 
of  the  strand  after  violent  earthquake  shocks.  He  describes  the  caves  on 
the  coast  of  Cephalonia,  in  which  the  same  singular  effects  of  illumination 
are  produced  as  in  the  Blue  Grotto  of  Capri,  and  concludes  that '  all  these 
caves,  the  floor  of  which  lies  below  or  only  a  little  above  the  sea-level, 
have  certainly  been  formed  solely  by  the  action  of  the  waves  \ 

It  would  be  a  useless  repetition  to  cite  all  the  several  cases  in  which 
the  submerged  remains  of  walls  and  mosaic  floors,  on  the  Dalmatian  coast 
especially,  have  been  adduced  as  indications  of  positive  movement^. 
Dalmatia  has  frequently  been  visited  by  violent  earthquakes ;  I  will  only 
mention  that  of  Ragusa  which  occurred  on  April  6,  1667  \  During  the 
shocks  the  alluvial  land  on  the  coast  was  disturbed  and  in  places  sank  into 
the  sea,  as  in  Greece  and  Asia  Minor. 

Officers  of  the  Austrian  ^avy  have  informed  me  that  at  some  places 
the  limestone  cliffs  on  the  coast  of  Dalmatia  have  been  deeply  undercut, 

^  0.  Benndorf  and  G.  Niemann,  Reisen  in  Lykien  und  Earien,  I,  p.  81,  note  1 ;  II, 
p.  46,  note  1. 

'  E.  W.  M.  Wiebel,  Die  Insel  Kephalonia  und  die  MeermOhlen  von  Argostoli,  4to, 
Hamburg,  1874,  pp.  45,  47.  Fouqu^  has  given  a  simple  explanation  of  sea  colks  in  his 
work  on  the  earthquakes  of  Cephalonia  quoted  above. 

'  Von  Hoff,  Eloeden,  and  Morlot  have  collected  examples  of  this  kind;  the  last 
enumeration  is  contained  in  Bol.  R.  Com.  geol.  Ital.,  1874,  V,  pp.  87-60.  Hofrat  von 
Waniek,  director  of  the  maritime  works  at  the  mouth  of  the  Nabresina,  told  me  that  he 
had  met  with  no  signs  of  a  recent  alteration  of  the  strand  in  this  region. 

*  During  this  earthquake  peculiar  movements  of  the  sea  occurred;  an  eyewitness 
writes:  'Ritirossi  il  mare,  che  per  due  braccia  di  altezza  tre  giomi  stette  fiiori  del  suo 
naturale*;  Lettera  de  P.  Vitale  Andriasci,  Min.  Oss.,  Ragusa,  16  April  1667,  reprinted 
in  L.  StuUi,  SuUe  detonazioni  dell'  Isola  di  Meleda,  altera  lettera,  8vo,  Bologna,  1828, 
pp.  52-54. 
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bot  at  the  level  of  mean  tide.  I  am  indebted  in  paitieolar  to  Fac 
von  Millc,  ensigns  of  th»  Royal  Imperial  Navy,  for  a  detailed  deeei 
of  the  Pettini  di  Ragosa  (Fig.  42).  A  ridge  ci  rock  jutting  oat  in 
sea  has  been  worn  into  a  number  of  oomb-like  dentiealations ;  tl 
tooth  is  cut  oat  at  the  level  of  mean  tide,  and  rises  to  a  hd 
<-0-l  meter;  the  second  reaches  the  same  height;  the  third  and 
are  shown  in  the  illustration  (Fig.  42).  The  undercut  cliff  also  sur 
all  the  suooeeding  teeth;  it  has  not  been  formed  by  the  acticm 
waves,  which  ascend  much  higher,  but  lies  in  a  sons  where  the  sc 
daily  rises  and  &lls  in  continual  and  gentle  oscillation. 


Fio.  42.    The  third  (Old  JourihtuOiqf  the  BrtHnidiBaguio. 

(Aooording  to  the  measurements  msde  by  Heir  yon  iiUic,  ensign  of  the  Ro] 

ImiMrial  NsYj.) 

6.  The  ^auth-eattem  MediterraneaTU  After  the  analysis  of  tl 
relating  to  the  coast  of  Syria  by  Diener,  I  cannot  admit  that  any 
of  level  within  the  historic  period  has  been  definitely  established  1 
region  ^ 

The  Dead  sea  lies  in  a  fault-trough  which  extends  northwards 
as  the  Great  Hermon,  and  consequently  embraces  the  whole  vallej 
Jordan,  together  with  the  lakes  of  Tiberias  and  Huleh  (I,  pp.  36 
The  important  work  of  Diener  has  shown  that  north  of  the  Great  I 
the  Bekfia  forms  a  second  trough  joining  that  of  the  Jordan  and  e 
to  the  north-north-east,  that  Lebanon  and  Anti-Lebanon  are  horsts,  a 
the  great  fractures,  which  determine  the  structure  of  the  land,  s 
in  virgation  east  of  the  Anti-Lebanon. 

*  C.  Diener,  Libanon:  Gmndlinien  der  physischen  Geographie  und  Creole 
Mittel-Syrien,  8?o,  Vienna,  1886,  pp.  90-108. 
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The  Dead  sea,  the  level  of  which  stands  at  —392  meters,  sinks  on  its 
east  shore  to  a  depth  of  4fOO  meters,  and  lake  Tiberias,  with  a  level  of 
—  212  meters,  is  250  meters  in  depth.  Around  this  lake  Lortet  has  dis- 
covered terraces,  which  extend  up  to  the  existing  level  of  the  Mediter- 
ranean, and  include  the  whole  valley  of  the  Jordan  together  with  the 
Dead  sea.  Hull  has  also  met  with  terraces  on  the  south  side  of  the  Dead 
sea  up  to  about  the  same  height,  and  has  shown  that  the  uppermost  of 
the  southern  terraces  and  the  higher  terraces  of  the  Jordan  vsJley  contain 
living  species  of  Melania  and  Melanopsis;  Noetling,  likewise,  has  found 
existing  species  of  Melania  in  the  continuation  of  the  same  alluvium  on 
the  south  side  of  lake  Tiberias,  and  has  even  discovered  them  beneath 
one  of  the  basalt  flows  which  descend  from  the  Djolan  \ 

Hull  correctly  infers  from  his  observations  that  a  single  continuous 
inland  lake  must  have  extended  from  lake  Huleh  on  the  north  into  the 
valley  of  the  Arabah  on  the  south  for  a  distance  of  over  800  kilometers. 
Noetling,  however,  has  shown  that  at  a  later  period  basaltic  lava  from  the 
Djolan  flowed  into  the  trough  between  lakes  Huleh  and  Tiberias,  and  that 
this  flow  was  afterwards  cut  through  by  the  Jordan. 

We  may  speak  of  this  great  inland  water  as  the  Jordan  lake.  It  was 
800  meters  deep.  Fresh-water  mollusca  lived  on  its  shores ;  and  up  to.  the 
present  day  fish  belonging  partly  to  the  fauna  of  the  Nile,  and  partly  to 
that  of  the  Euphrates,  have  maintained  their  existence  in  lake  Tiberias. 
The  beds  of  gypsum  and  salt  of  Jebel  Usdom  began  to  be  formed  as 
evaporation  b^ame  accelerated ;  with  the  fall  of  the  water  level  the  lake 
became  separated  into  two ;  in  the  depression  between  lake  Tiberias  and 
the  Dead  sea  the  course  of  the  Jordan  arose,  and  finally,  in  the  region  of 
the  deepest  hollow,  the  briny  residuum  of  the  Dead  sea  was  left  behind. 

In  this  way  those  horizontal  terraces  and  strand-lines  of  the  ancient 
lake  Jordan  were  produced  which  extend  in  a  meridional  direction  for 
nearly  two  and  a  half  degrees.  These  terraces  are  due  not  to  telluric 
mpvement,  but  to  excess  of  evaporation.  All  observations  hitherto  made 
point  to  the  conclusion  that  the  sea  has  never  found  an  entrance  into  this 
fault-trough.  We  do  not  know,  it  is  true,  whether  the  highest  strand-lines 
of  lake  Jordan  are  precisely  on  the  level  of  the  adjacent  Mediterranean. 
If  such  a  correspondence  as  exists  has  been  brought  about  by  the  discharge 
of  the  waters  of  the  lake  into  the  Mediterranean,  we  should  be  justified 

*  E.  Hall,  Mount  Seir,  Sinai,  and  Western  Palestine,  8to,  London,  1885,  pp.  100,  106 ; 
and  by  the  same,  The  Survey  of  West  Palestine,  4to,  London,  1886,  p.  79  et  seq.  Hull 
was  th^  first  to  show  that  the  Salt  mountain,  Jebel  Usdom,  really  belongs  to  the  recent 
formations  of  the  Dead  sea.  F.  Noettling,  Geologisch-palftontologische  Mittheilungen 
aus  Palftstina,  I :  Ueber  die  Lagerungsverh&ltnisse  einer  quart&ren  Fauna  im  Gebiete 
des  Jordanthales,  Zeitschr.  deutsch.  geoL  Ges.,  1886,  XXXVIII,  pp.  807-828 ;  and  Geolo- 
gische  Skizse  der  Umg^bung  von  el-Hammi,  Zeitschr.  deutsch.  Palftstina-Vereins,  X, 
pp.  59-88,  map. 
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in  oondtiding  that  the  level  of  the  Meditemneui  has  not  aenably  c 
since  the  formation  of  the  great  trough,  nor  daring  the  period  of  ei 
tion  through  which  thia  region  has  passed.  On  this  pcnnt  we  mns 
farther  observations. 

We  will  now  enter  the  table-land  which  extends  between  the  D 
and  the  Nile. 

We  have  already  mentioned  that  Hall  f oand  the  traces  of  an 
strand  near  Sues  at  a  height  of  aboat  200  feet  (60  meters),  that  tl 
very  nearly  coincides  with  the  height  of  64  meters  which  Schwi 
assigns  to  the  upper  sone  of  Pholas  borings  on  the  Mokatta 
near  Cairo,  and  that  Sttel  gives  64  meters  as  the  height  of  the 
deposits  near  the  Pyramids  of  Ghfieeh.  These  closely  oonespondinj 
were  obtained  for  the  shores  of  a  sea  whence  a  few  Erythraean 
crossed  into  the  basin  of  the  existing  Mediterranean  (I,  pp.  87 
Near  Ghaza,  Hull  mentions  marine  beds  at  a  height  of  200  to  i 
(60-67  meters)  K  Schweinfurth  has  lately  met  with  the  same  def 
the  same  height  of  60  to  70  meters  near  Ssedment  in  the  Nili 
(lat.  29"  20^  N.),  and  thus  placed  beyond  doubt  a  conjecture  fn 
entertained  that  this  valley  had  pnce  been  occupied  by  the  sea  \ 

Thus  the  whole  of  lower  Egypt  is  surrounded  by  traces  ol 
the  deposits  of  which  rise  from  60  to  70  meters  above  the 
surface  of  the  Mediterranean,  and  below  these  traces  of  the  ancien 
extends  the  alluvial  land  of  the  Nile,  where  man  may  look  back 
than  at  any  other  spot  into  the  past  history  of  his  race.    But  all  1 
ancient  records  of  Egyptian  civilization,  and  all  the  still  older  rei 
the  stone  age  which  are  found  in  the  same  region,  are  more  reoc 
by  far  the  greater  part  of  the  fluvial  land,  and  consequently  incon 
more  recent  than  the  traces  of  the  ancient  sea ;  all  the  thousands 
of  human  history  give  no  parallax  of  time,  not  even  the  remotest 
tion  which  would  help  us  to  number  the  ages  during  which  the 
graphic  conditions  of  this  country  have  remained  essentiaUy  the 
at  the  present  day. 

These  conditions  are  of  a  very  peculiar  nature. 

West  of  the  Nile  and  the  town  of  Ssedment  mentioned  above, 
pression  of  the  Fayflm  lies  in  the  desert,  separated  from  the  rive 
only  by  a  narrow  ridge.      In  its  north-western  part  lies  Birket-e 

^  Hull,  Survey  of  West  Palestine,  p.  74.  Further  north  marine  deposits 
countered  up  to  250  feet  (76  meters)  and  even  higheV;  cf.  G.  Post,  On  a  I 
Marine  Shells  in  the  Alluvium  of  the  Latakia  Plain  in  Syria,  Nature,  21  Aa| 
(XXX) ;  but  Diener  assigns  a  greater  age  to  them,  Libanon,  p.  101. 

'  G.  Schweinfurth,  Reise  in  das  Deprestionsgebiet  im  Umkreise  des  Fajiim  i 
1886 ;  Zeitschr.  Ges.  f.  Erdk.  Berlin,  1886,  XXI,  p.  100.  The  mollusca  of  the  n 
hood  of  Ghizeh  are  enumerated  by  Mayer-Eymar,  Zur  Geologie  Egyptens,  Vierte 
Naturf.  Ges.  ZOrich,  August,  1886,  XXXI. 
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the  remains  of  the  ancient  lake  Moeris.  In  April,  1885,  its  level  stood 
40  meters  below  that  of  the  Mediterranean;  it  is  now  slowly  rising. 
The  chief  town  Medinet-el-Fayftm,  near  the  ancient  town  of  Arsinoe  (Cro- 
codilopolid),  lies  on  a  terrace  at  a  height  of  23  meters.  The  narrow  ridge 
between  the  Nile  valley  and  the  Fayiim  was  cut  through  in  ancient 
times  to  afford  an  ingress  into  the  depression  for  the  waters  of  the  Bahr 
Tusuf  (Joseph's  Canal)  which  branches  off,  far  above,  from  the  main 
stream.  West  and  south-west  of  the  Fayiim  are  other  tracts  of  the  desert 
lying  beneath  the  level  of  the  sea ;  in  recent  times  they  have  been  desig- 
nated by  the  general  name  of  the  RayiLn ;  this  is  the  middle  part  of  the 
depression;  it  reaches  a  level  of  —19  to  —20  meters.  Cope  Whitehouse 
regards  the  RayiLn  rather  than  Birket-el-Qeriin  as  the  site  of  the  ancient 
lake  Moeris  ^. 

El-Lahun,  in  the  Nile  valley,  is  situated  on  the  alluvial  land,  where 
the  Bahr  Tusuf  enters  the  Fayiim  (at  a  height  of  about  27  meters). 
A  little  to  the  south  of  it  the  marine  deposits  of  Ssedment  occur,  as  we 
have  seen,  at  a  height  of  60  to  70. meters,  but  Schweinfurth  has  not  been 
able  to  trace  these  marine  deposits  anywhere  into  the  Fayiim  or  Bay&n, 
the  borders  of  which  seem  to  be  formed  of  fairly  horizontal  beds  of  lower 
and  middle  Tertiary  age.  We  must  therefore  conclude,  pending  further 
information,  that  these  two  subsidences  are  related  to  one  another  in  the 
same  way  as  the  shotts  west  of  Qabes,  and  the  region  of  the  Jordan.  The 
relict  strand-lines  extend  from  the  Mediterranean  nearly  to  the  summit  of 
the  threshold  of  Gabes,  and  yet  in  the  shotts  which  sink  below  the  existing 
level  of  the  sea  no  traces  of  a  recent  marine  submersion  are  visible.  For 
this  reason  the  inbreak  is  regarded  as  of  no  great  age  (I,  p.  359).  We 
met  with  the  same  phenomenon  on  lake  Jordan;  it  recurs,  as  existing 
observations  would  seem  to  show,  in  the  Fayiim  and  the  Ray&n ;  for  these 
depressions  can  only  be  interpreted  as  subsidences. 

In  the  Bay&n  Schweinfurth  encountered  no  recent  marine  or  fresh-water 
sediments ;  in  the  Fayftm  pale  grey  fresh- water  marls  with  Melania  and 
fish  remains  reach  a  height  of  about  forty  meters  above  the  lake,  that  is, 
almost  up  to  the  level  of  the  Mediterranean.  Medinet-el-Fayftm,  however, 
stands  on  a  deposit  of  Nile  alluviiun  which  has  been  carried  into  the 
depression  by  the  Bahr  Yusuf.  Ancient  buildings  of  great  size  appear  to 
have  been  buried  under  this  accumulation  in  the  course  of  the  last  few 
thousand  years.  The  Bats,  the  northern  of  the  two  principal  branches 
into  which  the  Bahr  Yusuf  divides  after  it  has  entered  the  Fayiim,  has 
excavated  its  bed  seventeen  meters  deep  in  its  own  alluvia. 

We  have  now  reached  the  site  of  one  of  the  most  magnificent  works 
ever  executed  by  the  hand  of  man.     The  overflow  of  the  high-water  Nile 

^  Cope  Whitehouse,  The  Bahr  Jfisuf  and  the  Prophecy  of  Jacob ;  Proc.  Soc.  Bibl.  Arch., 
Nov.  and  Dec.,  1885,  with  maps,  et  passim. 
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was  oonducted  from  the  Bahr  Yxmoi  through  the  eenal  of  Menhy,  t 
was  famished  with  sluices  to  the  west  and  fbnned  lake  Moeris;  1 
Egypt  was  thus  protected  from  floods^  and  at  the  same  time  a  part  o 
desert  was  converted  into  a  marvelloas  garden,  famous  many  thooi 
of  years  after  the  work  was  completed  for  its  vines^  roses,  and  olivea 
the  canal  lay  the  richly  adorned  and  extensive  stmotores  of  the  laby 
with  its  flat  roofs  formed  of  great  slabs  of  stone.  Not  far  froc 
existing  Medinet-el-Fayftm,  where  the  rains  of  ArsinoS  (Crocodilopoli 
there  rose  on  a  space  sorroonded  by  the  lake  the  temple  of  the  cro 
god  Sebak ;  crocodiles  and  a  great  abondanoe  of  fishes  inhabited  the  '. 

We  can  readily  onderstand  and  indeed  share  the  admiration 
which  Herodotos,  Strabo,  Diodoros,  and  Hasfidi  speak  of  these  i 
The  Egyptian  manuscripts  which  have  been  freshly  explained  by 
represent  the  Menhy  canal  as  divided  lengthways  down  its  middle 
one  side  fish  enter,  on  the  other  they  leave.    They  all  belong  to  the 
species,  which  Dr.  Steindachner  recognises  from  the  deseriptaon  as 
fnyrus  caehive,  Geoffir. ;  it  is  still  common  in  the  Nile.    In  addit 
the  fish  which  mark  the  course  of  the  water,  we  see  a  band  of  i 
dwelling  birds,   outside  this  a  band  of  trees,  and  outside  this 
(as  shown  by  a  second  papyrus)  the  forty-two  temples  standing  on  tl 
sides  of  the  river;  each  temple  corresponds  to  one  of  the  forty-two  ! 
of  upper  and  lower  Egypt  as  &r  as  the  nineteenth  Nomos  of  Pel 
at  the  eastern  end  of  the  delta,  where  at  the  present  day  the  steai 
from  the  Mediterranean  enter  the  Sues  canal  at  port  Said.     A 
manuscript  relates  the  creation  of  the  lake;  it  was  52}  kilcnnetex 
and  61  kilometers  broad;    the  Birket-el-Qer&n  represents  its  e: 
remains  ^. 

'The  waters  of  this  lake/  says  Herodotus,  'are  not  the  sponti 
production  of  the  ground,  which  is  particularly  dry  in  this  region 
come  from  the  Nile  through  a  canal  and  flow  six  months  from  tfa 
into  the  lake,  and  six  months  from  the  lake  into  the  Nile ;  during  * 
months  after  the  discharge  begins  the  lake  daily  brings  the  royal  tr 
a  talent  in  silver  as  the  value  of  the  fish ;  but  at  other  times  the 
value  is  only  twenty  minae.  The  inhabitants  of  the  country  tell  n 
that  the  lake  empties  its  waters  into  the  Libyan  desert  by  a  subter 
channel  which  runs  westwards  towards  the  interior,  along  the 
situated  above  Memphis  V  The  westerly  position  would  corresp 
the  RayAn. 

Such  was  the  beneficent  character  of  the  national  treasure  with 

^  W.  Pleijte,  Over  drie  handschriften  van  papyras  bekend  onder  de  titels  van 
du  Lac  Moeris,  du  Fayoum  et  da  Labjrinthe,  Verb.  E.  Ak.  Wet'ensch.  Amsterdi 
Letterk.,  1886,  XVI,  pp.  1-50,  pi. 

*  Herodotus,  Euterpe,  iL  149, 150. 
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Amnnemha  HI  of  the  twelfth  dynasty,  'the  well-beloved  of  Sebak,  the 
lord  of  the  island  of  beauties/  presented  his  people.  Its  chief  features, 
namely,  the  formation  and  maintenance  of  the  Bahr  Yusuf,  the  turning 
aside  of  this  branch  of  the  Nile  towards  the  desert,  and  the  worship  of  the 
crocodile  on  the  ishmd  of  a  lake  abounding  in  fish,  we  recognize  without 
difficulty  in  the  expressions  of  the  prophet  Ezekiel  (xxix.  S~5),  which 
Dr.  Adolf  Beer  has  been  kind  enough  to  translate  literally  for  me  as 
follows : — 

3.  '  Lift  up  thy  voice  avd  speaky  thus  aaith  the  Lord^the  Eternal :  I  come 
ogaiTist  thee,  Pharaoh,  King  of  Egypt,  thou  great  crocodile  (animal  of  the 
lake),  who  lieth  in  his  rivers  and  sayeth:  Mine  is  the  river,  and  I  have 
made  it  for  myself.  4.  And  I  put  a  rvng  in  thy  jaws,  and  hang  thejiskes 
of  thy  river  in  thy  coat  of  scales,  and  I  dra/w  thee  out  of  thy  river,  and  all 
the  fishes  of  thy  river  which  hang  on  thy  coat  of  scales.  5.  And  I  abandon 
thee  to  the  desert,  thee,  and  all  the  fishes  of  thy  sea,  and  on  tlie  plain  thou 
shalt  lie,  neither  taken  up  nor  gathered  together. . .  / 

St.  Jerome  has  compared  this  passage  with  that  of  Isaiah  xix.  5,  6: 
*  Et  arescet  aqua  de  rruxri,  et  fluvius  desolahitur  aique  siccabitur  et  defi^ 
dent  fhjt/mina, . . .'  and  concludes  that  it  is  not  the  open  sea  which  is 
meant  here,  but  the  lake  Mareotis^.  The  passage  refers  to  the  great 
national  work  of  the  Egyptians  at  lake  Moeris,  as  is  shown  by  the  mention 
of  the  crocodile  (animal  of  the  lake)  and  the  fishes,  and  in  particular  by 
the  words,  *  Mins  is  the  river,  and  I  have  made  it  for  myself.' 

When  Strabo  visited  this  region,  about  the  year  28  b.  o.,  he  was  still 
able  to  be  present  at  the  feeding  of  the  holy  crocodile,  and  praised  the 
excellent  oil  and  the  fertility  of  the  Nomos  of  Arsinoe'.  To-day  the 
fertility  is  no  more,  the  servants  of  Sebak  have  disappeared,  but  the  Bahr 
Tusuf  still  exists  and  still  flows  towards  the  depression  in  the  desert  lying 
to  the  west.  The  forty-two  Nomes  which  once  worshipped  their  gods  near 
the  canal  of  Menhy  comprised  all  the  country  as  far  as  the  shores  of  the 
Mediterranean,  and  nowhere  is  any  other  change  of  level  to  be  seen  except 
such  as  has  been  caused  by  the  increasing  thickness  of  the  Nile  mud,  or 
by  the  accumulation  of  sand.  We  must  therefore  admit  that  this  frag- 
ment of  the  earth's  crust  has  maintained  its  stability  throughout  the 
whole  period. 

The  lowland  below  Memphis  was  formed  by  the  advance  of  the  main 
branches  of  the  river  into  the  bay  on  self-constructed  dams,  a  process  now 
taking  place  on  the  Mississippi.  While  the  dams  were  being  extended 
further  and  further  forwards,  the  spaces  on  their  inner  side  were  silted 
up,  and  so  the  delta  originated.  But  the  pushing  forward  of  the  dams 
was  not  the  only  process.    The  fresh  water,  lighter  than  that  of  the  sea, 

^  S.  Hieronjmi  Opera,  ed.  Vallan,  1735,  IV,  p.  208. 
>  Strabo,  xvii  1.  85,  88. 
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spread  oat  aandy  mud  in  a  very  flat  cone,  which  extended  for  a 
distanoe  into  the  sea;  npon  and  within  this  the  dams  stood.  A 
journey  from  the  land,  says  Herodotos,  the  aoonding^line  still  bri 
mud  from  a  depth  of  two  fatthoms,  for  so  &r  does  the  alluTiom  eztei 

The  sea  waves,  coming  in  over  this  flat  cone,  have  washed  oat  tl 
from  the  mud  and  so  bailt  up  the  great  eresoentie  spits  of  sand  and 
sandstone  which  stretch  from  (me  month  to  the  nezt^  connectini 
one  with  another,  and  which  cat  off  from  the  sea  the  great  lagoons^ 
silted  up,  extending  from  lake  Mareotis  to  lake  Menialfth,    In  th 
as  far  as  the  rains  of  Canopos,  and  perhaps  as  &r  as  the  isl 
Nelson  opposite  them,  the  loose  sand  has  been  consolidated  into  cal 
sandstone.    Owing  to  the  direction  of  the  winds  a  slight  movemeni 
east  prevails;  this  renders  possible  the  high  salinity  of  the  sea 
the  Nile,  and  Spratt  predicted  that  it  woald  prove  a  diffically 
maintenance  of  the  Sues  canal ;  bat  the  formation  of  the  spit  in  froc 
harbour  of  port  Said  has  shown  that  the  effect  is  trifling*.    Neve 
in  the  course  of  time  it  has  sufficed  to  build  up  long  narrow  bars 
the  delta,  extending  from  lake  Sirbonis  to  the  mountain  of  Ga8ius,a 
this  still  further  to  the  east. 

The  mouths  of  the  Nile  present  just  as  complicated  a  structure 
of  so  many  other  rivers,  and  here,  too,  we  must  distinguish  the  i 
lations  formed  by  the  river,  and  advancing  towards  the  sea,  fi 
crescentic  sandy  bars  directed  across  the  river  dams.  An  extrem 
period  was  doubtless  necessary  to  give  rise  to  these  natural  grow 
as  far  as  even  human  tradition  extends  we  find  them  already  co 
and  occupying  approximately  their  existing  position. 

It  is  true  that  near  Alexandria  the  sea  may  be  seen  to  enter  tk 
excavated  in  the  loose  sandstone  of  the  coast,  as  well  as  other  cavi 
near  the  coast  the  road  may  even  lie  here  and  there  below  the 
low  tide.  Fraas  has  given  an  account  of  these  facts  ^  But  Alexan 
founded  twenty-two  centuries  ago  on  the  site  of  the  ancient  Bhao 
the  neighbourhood  was  certainly  as  flat  then  as  it  was  subsequent 
Strabo  described  the  town,  and  as  it  still  remains.    Then,  as  at 

*  Herodotus,  Euterpe,  ii.  5.  If  Herodotus  had  travelled  to  Alexandria  by  th 
line  of  mail  steamboats  he  would  not  have  encountered  this,  for  the  west  wii 
allow  the  mud  to  be  carried  so  far  west,  and  the  great  accumulation  begi 
Canopic  mouth. 

*  Captain  Spratt,  An  Investigation  of  the  Effect  of  the  prevailing  V^ave  Ini 
the  Nile's  Deposits,  Blue  Book  for  1859,  with  maps ;  A.  Lavallej,  Communici 
les  travaux  d'ex^cution  du  canal  maritime  de  Tlsthme  de  Suez,  Extrait  d 
Rendu  de  la  Soci^t^  des  Ing^nieurs  Givils,  8vo,  Paris,  1869,  pp.  64,  80,  106, 181 

'  0.  Fraas,  Aus  dem  Orient,  p.  174  et  seq.  According  to  Wilkinson  the  ck 
of  the  Prankish  quarter,  which  lies  low,  is  situated  on  parts  of  the  harbour  w 
been  filled  up ;  Handbook  for  Travellers  in  Egypt,  8vo,  1867,  p.  91. 


CH.XI]  LACUS  SIKBONIS  461 

there  lay  before  the  main  body  of  the  bar  the  famous  island  of  Pharos, 
and  the  Heptastadium  which  connected  the  island  with  the  bar  may  still 
be  recognized.  It  is,  therefore,  impossible  that  a  positive  movement  can 
have  resulted  in  any  important  displacement  in  the  course  of  this  long 
period.  Towards  the  north-east,  where  the  spit  projects  as  a  promontory, 
and  where  Heracleum  once  stood,  near  the  Canopic  mouth,  Paris  landed 
nearly  thirty-one  centuries  ago,  and  there,  according  to  Herodotus,  Helen 
and  the  treasures  of  Menelaus  were  taken  from  him  at  the  command  of 
Bamses  III  \ 

Through  the  mouth  of  the.Bolbes  the  Milesians  entered  with  thirty 
ships  in  the  time  of  Psammetich,  and  through  the  Pelusian  branch  the  fleet 
of  Alexander  the  Qreat  sailed  towards  Memphis.  Thousands  of  years  ago 
the  fresh- water  canal  flowed  as  at  present  through  the  Wady  Tumilat,  and 
from  the  end  of  the  Wady  made  a  sharp  bend  towards  the  Red  sea.  If 
we  open  the  works  of  Brugsch,  Schleiden,  or  the  many  other  investigators 
who  have  attempted  to  determine  the  features  of  the  fluvial  network  of 
the  delta  as  it  existed  in  antiquity,  we  shall  be  constantly  impressed  by 
the  fact  that  the  plan  has  remained  fundamentally  unchanged  so  far  as 
human  tradition  exists^.  No  perceptible  elevation,  bulging  up,  or  other 
disturbance  of  the  fall  has  occurred. 

This  constancy  is  distinctive  not  only  of  the  fluvial  network.  It  is  also 
evident  that  the  flat  country  east  of  Pelusium  and  the  bar  lying  in  front 
of  the  Lacus  Sirbonis  as  far  as  the  Casius  (Bas-el-E[^r<in)  had  the  same 
structure  many  thousands  of  years  ago  as  at  the  present  day.  In  ancient 
times  this  narrow  bar  afforded  the  chief  route  for  traffic,  indeed  it  appears 
to  have  been  the  only  road  between  Syria  and  Egypt.  There  are  numerous 
proofs  of  this.  Herodotus  describes  the  way  along  the  coast  over  the 
Casius  as  the  only  practicable  road  from  Phoenicia, '  and  at  lake  Sirbonis, 
in  which  according  to  the  legend  Typhon  lies  concealed,  Egypt  begins.' 
Diodorus  and  Strabo  give  a  particularly  detailed  description,  and  Polybius 
already  mentions  the  pitfalls  (pipaOpa)  of  lake  Sirbonis.  Diodorus  further 
relates  that  Artaxerxes,  on  his  march  to  Egypt,  lost  a  part  of  his  men  in 
these  holes  owing  to  his  want  of  knowledge  of  the  country,  and  Strabo 
states  that  during  his  stay  in  Alexandria  the  sea  had  exceeded  its  limits 
and  flooded  the  land,  so  that  the  mountain  of  Casius  became  an  island,  and 
the  land  past  it  to  Phoenicia  was  navigable  for  ships  ^.' 

These  pitfaUs,  however,  as  may  be  seen  from  the  descriptions,  were 

'  Herodotus,  Euterpe,  ii.  113;  Schliemann,  Ilios,  p.  186,  note;  Brugsch-Bej,  op.  cit, 
pp.  819,  824. 

*  H.  BrugBch,  Die  Geographie  des  alien  Aegyptens,  4to,  Leipzig,  1857, 1,  p.  84  et  seq. ; 
M.  J.  Schleiden,  Die  Landenge  von  Suds  :  zur  Beurtheilung  des  Canal-Projects  und  des 
Aossuges  der  Israeliten  aus  Aegypten,  8vo,  Leipzig,  1858. 

>  Diodorus,  Bibl.  hist,  i.  80  and  xvi.  46 ;  Strabo,  Geogr.,  L  3,  13. 
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regions  of  treacherous  quicksand  in   the  lake  which  was  in  pnx 
silting  up. 

It  has  been  repeatedly  maintained  that  it  was  by  this  road  to 
that  the  Israelites  left  Egypt.  In  recent  times  Schleiden  has  de; 
this  view  with  much  vigour  \  The  most  important  evidence,  howev 
been  furnished  by  Brugsch,  who  has  discovered  a  manuscript  in  ihe  ] 
Museum,  in  which  an  Egyptian  o£Gicial,  three  thousand  years  ago,  i 
the  pursuit  of  two  fugitive  thieves;  they  had  escaped  in  an  ei 
direction  along  the  Syrian  military  road  across  the  bar,  and  the 
stopping-places  are  mentioned  as  in  the  accounts  of  the  Israelites  *. 

Thus  it  would  seem  Pharaoh  Meneptah  in  his  pursuit  of  the  Isi 
perished  in  the  *  pipaOpa^  in  the  quicksands  of  lake  Sirbcmis,  whe 
the  army  of  Artaxerxes  suffered  loss.    The'  statement  that  the  set 
like  a  'wall,'  i.e.  like  a  protective  rampart  on  both  sides  of  the 
would  then  signify  that  the  Israelites  went  dry  through  the  sea 
narrow  bar,  i.  e.  on  the  high  road  to  Syria.    For  this  reason  the  f 
praise  which  must  be    regarded    as    iiie  oldest  account  of   thic 
(Exodus  XV.  1-21),  extols  in  a  striking  manner  not  so  much  the  mii 
the  division  of  the  waters  and  the  passage  through  the  sea  as  the  c 
tion  of  the  pursuer  \ 

In  this  way,  too,  the  variously  interpreted  passage  in  Isaiah  xi. 
perhaps  finds  its  correct  explanation ;  in  Beer's  translation  it  runs : 

15.  '  And  God  will  cub  off  the  tongue  of  the  Egyptian  aea,  and 
hand  against  the  river  in  the  violence  of  his  anger,  and  rnnite  it  in 
brooks  that  may  be  ti\iver8ed  dryshod. 

16.  *  It  shall  be  a  path  prepared  for  the  remnavit  of  his  peop 
who  are  left  of  Asshur,  like  as  it  was  for  Israel  in  the  day  when 
hither  out  of  the  land  of  Egypt,* 

The  tongue  of  the  Egyptian  sea  must  thus  be  understood  as 
traversed  by  the  road  which  led  to  Syria  *. 

^  M.  J.  Schleiden,  Die  Landenge  von  Suds,  &c.,  p.  177  et  seq. 

^  H.  Brugsch-Bey,  L'Exode  et  les  monuments  ^gyptiens,  Svo,  Leipzig,  1875, 
example  of  the  dangers  of  the  sands  on  the  inner  side  of  the  bars  is  given  bj 
C^logie  des  korischen  Haffes,  4to,  1869,  p.  22  et  seq.,  where  he  tells  how  h 
wagons  have  sunk  in  them.  Gf.  Exodus  xv.  5,  '  The  depths  have  covered  th 
sank  to  the  bottom  as  a  stone' ;  xv.  10,  *  Thou  didst  blow  with  thy  wind,  the  sc 
them ;  they  sank  as  lead  in  the  mighty  waters.'  Pi  ha  Ehiroth  of  the  Bil 
'entrance  to  the  abysses.' 

*  This  is  emphasized  by  Dillmann,  Die  BQcher  Exodus  und  Leviticus,  fQr  d 
nach  Enobel  bearb.,  Leipzig,  1880,  p.  153.  Dillmann  thinks  the  Israelites  wei 
Guis'r. 

*  The  exegetes  generally  regard  these  expressions  as  metaphorical  and  inter 
in  various  ways ;  St.  Jerome  writes  '  Et  desolabit  Dominus  lingoam  maris  Aei 
Vallars,  1753,  XV,  p.  164;  Schleiden  regards  lake  Menzaleh  as  the  'tongue 
p.  198. 
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Let  US  recall  the  different  opinions  arrived  at  by  Spratt  and  Lesseps 
before  the  construction  of  the  Suez  canal,  as  a  result  of  a  close  examination 
of  the  movement  of  the  sand  on  these  shores.  Experience  has  shown  that 
the  lateral  movement  is  slight.  Nevertheless  in  conjunction  with  the 
waves  washing  vertically  against*  the  shore,  it  had  already  built  up  many 
thousands  of  years  ago  the  bar  in  front  of  lake  Sirbonis ;  this  still  exists, 
and  still  the  waters  stand  like  a  protective  rampart  on  each  side  of  the 
ancient  road.  The  slight  positive  displacement  at  Alexandria  may  easily 
result  from  a  different  distribution  of  the  volume  of  water  in  the  branches 
of  the  Nile. 

The  horizontality  of  the  terraces  of  lake  Jordan,  the  great  age  of  the 
bars  and  spite,  the  unaltered  fall  of  the  natural  and  artificial  branches  of 
the  Nile  forbid  us  to  suppose  that  the  solid  foundation  land  on  the  south- 
east of  the  Mediterranean  has  experienced  any  important  change  of  level 
within  the  historic  period. 

7.  Condueion,  There  is  abundant  evidence  to  prove  that  the  level  of 
the  Mediterranean  has  remained  constant  for  the  last  few  thousand  years. 
The  bar  of  Arabat  in  the  sea  of  Azov,  and  that  of  Perekop,  the  '  Course  of 
Achilles,'  were  in  existence  twenty  centuries  ago.  The  bar  of  the  Mons 
Oasius  outside  lake  Sirbonis  is  known  to  date  from  a  still  earlier  time ;  it 
was  traversed  at  the  most  brilliant  period  of  Egyptian  history  by  the  only 
military  road  which  led  to  the  east ;  and  it  was  in  all  probability  by  this 
road  that  the  Israelites  entered  the  desert.  The  lagoon  of  Tunis  shows  that 
the  sea-level  has  remained  unchanged  for  a  very  long  period ;  of  equal  force, 
and  perhaps  applicable  to  a  still  longer  course  of  time,  is  the  proof 
afforded  by  the  uniform  height  of  the  foundation  which  bears  the  succes- 
sive bars  of  Aigues-Mortes,  west  of  the  mouths  of  the  Rhone.  On  the 
bars  of  Tuscany  lie  the  remains  of  a  Roman  road ;  the  ancient  drainage 
channel  of  Cosa  still  serves  its  purpose ;  the  Po  traverses  successive  bars 
at  an  equal  height.  In  many  places  the  coast  is  distinguished  by  undercut 
cliffs  or  caves  which  have  been  excavated  by  the  sea  at  its  existing  level 
In  Egypt,  which  affords  our  furthest  glimpse  into  antiquity,  the  fall  of  the 
water  channels,  and  consequently  the  slope  of  the  land,  has  remained 
80  absolutely  constant  that  the  Bahr  Yusuf  still  flows  towards  lake 
Moeris  on  the  line  of  the  ancient  canal  of  Menhy,  and  the  fresh-water 
canal  of  the  Nile  still  bears  its  water  through  the  valley  of  the  Seven 
Springs. 

Notwithstanding  these  striking  indications  of  stability,  among  them  the 
undercut  cliffs  of  rocky  shores,  which  no  observer  could  overlook,  it  has 
been  imagined  that  we  must  assume  divers  elevations  and  subsidences  of 
the  ground.  The  sources  of  this  error  are  of  various  kinds,  and  certainly 
specious.  To  begin  with,  attention  was  directed  to  relict  strand-lines  and 
Pholas  borings,  and  these  naturally  suggested  the  idea  that  processes  which 
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were  aetive  immediately  before  the  dawn  of  histoty  mif^t  be  i 
progreaB  and  give  perceptible  signs  of  their  existence.  In  the  nex 
bat  little  was  known  even  till  very  lately  of  what  eztenmve  areas  i 
covered  by  kitchen  middens,  and  every  shell-bed  which  oontiainf 
ments  of  pottery  was  regarded  as  a  certain  proof  of  recent  elc 
Again,  even  the  slow  and  gradual  progress  of  sQting  up  by  riv 
sometimes  been  regarded  as  a  mark  of  elevation  of  the  land. 

Furthermore,  it  was  thought  that  subsidences  mi^^t  be  reoc 
When  the  alluvial  land  of  the  shore  is  shaken  by  an  earthquake 
quently  becomes  detached  from  its  base  and  glides  into  the  sea ;  in 
times  many  towns  were  engulfed  in  this  way,  and  even  in  our  on 
such  catastrophes  have  occurred,  for  instance,  in  1861,  in  Aigion, 
from  the  spot  where  twenty-two  centuries  before  the  town  of  Heli 
beneath  the  sea.    The  recurrence  of  similar  events  has  not  led  to  \ 
elusion  that  the  conditions  must  have  remainecl  the  same;  on  the  c 
these  submerged  remains  of  walls,  particularly  of  harbour  f oundati 
alleged  as  proofs  of  a  subsidence  affecting  the  entire  lithosphere. 
same  way  trifling  changes  in  the  level  of  the  lagoons  of  Venice,  as 
of  those  at  Bavenna  and  Alexandria,  have  been  regarded  as  inc 
of  subsidence,  although  here,  apart  from  the  mobility  of  ^e  alluv 
an  increased  volume  of  the  water  delivered  by  a  single  arm  of 
would  probably  afford  a  suflicient  explanation. 

In  this  way  the  curious  result  is  obtained  that  rising,  fall 
stable  regions  change  places  with  each  other  along  the  Meditt 
coast  according  to  no  perceptible  rule,  positive  and  n^ative  mc 
often  occurring  close  beside  each  other  several  times  in  sucoessio: 
example,  in  the  south-west  of  Asia  Minor.  Again,  the  evidence  p 
by  the  temple  of  Serapis  led  to  the  inference  that  within  t 
space  elevation  and  subsidence  may  in  the  course  of  centuries 
each  other,  but  its  exceptional  position  in  the  middle  of  a  en 
overlooked. 

A  stricter  inquiry  removes  these  difficulties,  and  we  peroeive 
level  of  the  Mediterranean  has  remained  unchanged  during  the 
thousand  years ;  if  there  has  been  any  change  at  all,  it.  is  so  slig 
be   beyond  the  power  of  observation  to  discover  it.    An  exc< 
furnished  by  the  south-west  of  Crete. 

The  measurements  on  which  we  can  base  a  comparison  of  the 
the  Mediterranean  with  that  of  the  Ocean,  unfortunately  still 
number,  lead  us  to  suppose  that  the  form  of  the  surface  of  the 
ranean,  apart  from  the  influence  of  attraction,  is  that  of  a  fu 
deepest  part  of  which  lies  between  Crete  and  the  coast  of  Africa 
change  of  climate  in  the  Mediterranean  region  ought  to  find  expr 
the  level  of  its  waters.    In  the  south-west  of  Crete,  Spratt  believ< 
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obfleived  sigBS  of  a  considerable  negative  movement ;  but  this  region  must 
be  again  investigated  before  we  can  arrive  at  any  definite  opinion. 

It  is  surprising  that  the  frequent  earthquakes  which  visit  certain 
r^ons  on  the  coasts  of  the  Mediterranean  have  left  behind  no  visible 
dislocation.  I,  at  leasts  am  not  acquainted  with  any  well-authenticated 
instance.  But  even  the  dislocation  observed  not  long  ago  in  New  Zealand 
(Ily  p.  28)  is  only  represented  by  such  features  as  wiH  be  obliterated  in  the 
course  of  a  few  years.  Should,  however,  some  example  be  discovered  of 
a  genuine  dislocation  afiecting  the  Mediterranean  coast  in  historic  times, 
yet  this  would  not  invalidate  the  general  result  of  our  comparative  study. 
ITie  Mediterranean  region  has  ao  far  afforded  no  proof  of  a  secular  con* 
tinerUal  devotion  or  subsidence  within  the  historic  period. 
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CHAPTER  Xn 
STRAND-LINES  OF  THE  NOBTH 

Divenity  in  fonn  of  the  surfiM^e  of  the  Ooaani.  Weitoni  coMti  of  the  North. 
Eaftern  oomU  of  the  Noxth  Atlantic.  Th«  noith  of  EnmiA  uid  the  weit  com 
North  FiBcific    Eait  ooMta  of  the  North  Rudfic 

The  saperfidee  of  the  Baltic  and  the  Mediterranean,  owing  to  din 
flaenoes,  poflsess  a  form  which  is  not  that  of  the  Ocean.    In  the  Ba 
have  reason  to  believe  that  the  surface  &lls  from  the  most  distant  ] 
the  golfis  of  Bothnia  and  Finland  towards  the  Belts  and  the  Oere  so 
the  Mediterranean,  on  the  other  hand,  it  wotdd  appear  that  the  ] 
maximum  depression  must  lie  between  Crete  and  the  coast  of  Africa 
the  surface  of  the  open  sea  itself  is  not  independent  of  such  inl 
The  salinity  is  frequently  less  in  the  vicinity  of  the  coast  than  in 
remote  from  land ;  temperature  and  the  atmosphere  also  affect  the 
Unfortunately  actual  observations  on  this  subject  are  few  in  num 
the  admirable  work  carried  out  by  the  Norwegian  North  sea  ex] 
and  the  investigations  based  upon  it  by  H.  Mohn,  show  how  rem 
even  apart  from  attraction,  are  the  deviations  from  a  supposed  nor 
face  as  exemplified  in  that  part  of  the  sea  which  forms  the  oc 
between  the  North  Atlantic  and  the  Arctic  Ocean.     In  fact  Mohn's 
representation  of  this  region  shows  that  here  also  the  Ocean  surface 
a  funnel-like  form,  the  maximum  depression  occurring  between  Ice.' 
Norway.    From  this  point  the  surface  rises  towards  the  coasts,  par 
towards  the  south  of  Norway,  so  that  at  Christiania  the  rise  is  as 
2-9  meters,  but  at  Bodo  and  the  North  cape  only  0«7  meter.    This 
difference  in  the  height  of  the  sea-level  between  Christiania  and  tl 
cape  of  2*2  meters.     Mohn  adds  that  on  the  coasts  themselves  the 
may  be  influenced  to  a  high  degree  by  the  retardation  of  the  tid 
shallow  bottom,  by  the  influx  of  fresh  water,  the  state  of  the  wind  f 
local  circumstances  ^. 

Thus  we  see  how  difficult  it  must  be,  under  any  conditions,  e\ 
of  the  open  sea,  to  demonstrate  a  movement  of  the  lithosphere  frc 
displacements  of  the  strand-line. 

The  irregular  form  of  the  Ocean  surface  has  also  been  shown  1 
measurement 

*  H.  Mohn,  Die  StrOmongen  des  earop&ischen  Nordmeeret ;  Peterm.  Mitj 
sangBheft  No.  79, 1885,  pL  ii,  fig.  6. 
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In  1887  the  English  Qovemment  caused  a  mark  to  be  put  up  at  Poolbeg 
lighthouse  in  Dublin  bay  at  a  certam  height  above  low- water.  Low-water 
level  was  to  be  the  basis  of  the  Irish  measurement;  but  the  deviations  from 
it  were  found  to  be  so  great  that  this  basis  had  to  be  abandoned  and  all  the 
observations  were  referred  to  a  standard  point 

A  summary  of  the  observations,  which  were  veiy  numerous,  has  been 
made  by  Eonahan,  who  has  shown  that  all  around  the  island  low-water  as 
well  as  high-water  and  spring  tide  correspond  to  undulating  surfaces,  not 
to  planes  of  equal  level ;  this  is  particularly  marked  in  the  case  of  high- 
water  and  spring  tide,  which,  as  Einahan  justly  remarks,  determine  the  for- 
mation of  terraces.  The  lowest  mean  of  high-water  spring  tide  above  tiie 
lowest  mean  level  lies  near  Courtown  (Wexford,  east  coast) ;  the  lowest 
mean  level  is  at  Ealbaha,  north  of  the  mouth  of  the  Shannon.  If  we  exclude 
the  narrow  bays,  in  which  as  a  matter  of  course  still  greater  deviations 
occur,  then  we  obtain  the  following  result,  taking  the  minimum  near  Cour- 
town as  zero : — 

The  mean  level  of  high- water  spring  tide  rises  higher  and  higher  north 
of  Courtown  until  at  Ardglass,  opposite  the  Isle  of  Man,  it  reaches  + 1-981 
meter&  From  this  point  onwards  to  about  the  north-east  comer  of  the 
island  it  sinks  gradually  to  +  0*805  meter  at  Ballycastle  opposite  the  Mull 
of  Cantire.  Following  the  coast,  with  the  exclusion  of  sheltered  localities, 
we  see  these  figures  rise  again,  as  we  pass  to  the  west  and  south,  until  at 
Slyne  head,  the  north  promontoiy  of  Qalway  bay,  + 1*59  meters  is  reached. 
Around  the  south-west  comer,  the  level  falls  again  till  0*61  meter  is  reached 
at  Cork;  it  then  ascends  towards  Dunmore,  where  it  is  0*92  meter,  and  finally 
returns  to  zero  at  Courtown. 

Thus  the  conditions  which  prevail  around  Ireland  are  extremely  complex^ 
and  Ravenstein  observes  that,  according  to  the  measurement  of  Ross  Clarke, 
the  mean  level  at  Bispond  on  the  north  coast  of  Sutherland  is  0*5291  meter 
higher  than  that  of  Liverpool,  but  the  mean  level  of  Eilbaha  is— 0-4895 
meter  as  compared  with  that  of  Liverpool,  and  consequentiy  the  mean  level 
at  Eilbaha  is  0*9686  meter  lower  than  at  Rispond  \ 

In  this  case  it  is  the  outline  of  the  island  and  the  direction  in  which  the 
tide  impinges  that  mainly  determine  the  height  of  the  sea-leveL  Gene- 
rally speaking,  the  deformations  to  which  the  surface  of  the  open  sea  is 
subject  may  be  regarded  as  less  exposed  to  variation  than  is  the  case  with 
enclosed  seas.  This  of  course  does  not  hold  trae  of  bays,  and  probably  not 
of  the  Arctic  coasts,  where  the  influx  of  fresh  water  from  melting  ice  is  in 
places  very  considerable,  and  where  consequentiy  great  local  fluctuations 
must  be  expected. 

1  Kinahan,  Iriih  Tide  Heighta  and  Raised  Beaches,  Geol.  Mag.,  1876,  2nd  Ser.,  Ill, 
pp.  78-88 ;  E.  0.  BaTenstein,  On  Bafchyhypsographical  Maps,  IVoc  Geogr.  Soc.  London, 
1886,  VIII,  p,  2i. 
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With  this  short  preface  I  will  now  endeavour  to  give  a  brief  account  of 
the  recent  oscillations  which  have  affected  the  coasts  of  the  open  seas.  The 
facts  bearing  on  the  subject  are  so  numerous,  and  their  value  so  different, 
that  we  must  confine  ourselves  to  a  few  selected  examples.  To  begin  with, 
the  northern  latitudes  wiU  be  discussed,  first  the  western  and  then  the  eastern 
coasts  of  the  Atlantic  Ocean,  including  the  adjacent  parts  of  the  Arctic  sea, 
next  northern  Asia  and  the  western  coasts  of  the  North  Pacific  Ocean,  and 
finally  its  eastern  coasts.  The  chapter  wih  conclude  with  a  general 
survey  of  the  results  obtained  in  our  study  of  these  northern  regions  of 
the  globe. 

1.  Western  coaats  of  the  North  AtUmtic  Ocean.  From  this  region  we 
possess  a  number  of  observations  referring  partly  to  positive  and  partly  to 
negative  movements,  supposed  to  be  demonstrable  and  in  progress  at  the 
present  day ;  the  latter  wih  be  considered  first. 

The  b^t-known  example  is  to  be  found  in  the  alleged  tilting  Tnovemeni 
of  Oreerdand,  In  the  extreme  north,  high-lying  strand-lines  have  been 
observed  and  recognized  as  indications  of  negative  movement,  or,  according 
to  iiie  terminology  of  the  time,  proofs  of  the  elevation  of  the  land.  But  we 
do  not  know  the  age  of  these  strand-lines ;  some  of  them  were  donbtlesB 
only  produced  by  a  temporary  closure  of  the  fjords  by  ice,  and  they  are 
found  equally  in  the  south,  notably  in  the  igord  of  Igalliko,  which  contains 
the  supposed  proofs  of  the  subsidence  of  the  land  and  consequently  should 
represent  the  other  side  of  the  swing. 

The  supposed  subsidence  of  the  land  rests  chiefly  on  the  statements  in 
a  letter  written  by  Dr.  Pingel  of  Copenhagen  in  1885  \ 

Pingel  states  that  Arctander  in  1777  and  1779  had  already  suspected 
that  the  west  of  Greenland  was  in  process  of  subsidence.  He  had  observed 
that  a  low  rocky  island  in  the  Qord  of  Igalliko,  about  a  gunshot  away  from 
the  mainland,  was  almost  completely  submerged  at  high  tide,  and  yet  there 
were  standing  on  it  the  walls  of  a  house  52  feet  long,  80  feet  broad,  5 
feet  thick  and  6  feet  high.  When  Dr.  Pingel  visited  the  island  fifty  years 
later  it  was  so  far  submerged  that  the  ruins  alone  projected  above  the 
surface  of  the  water. 

Subsequently  Kane  observed  abandoned  huts,  with  the  sea  washing 
against  them,  at  several  localities  as  far  north  as  Upemavik;  the  last 
remains  of  this  kind  would  appear  to  occur  in  lat.  76''  2(/  N.  Elane,  who 
knew  that  terraces  existed  in  still  higher  latitudes  and  regarded  them  as 
indisputable  signs  of  elevation,  concluded,  as  we  have  seen,  that  Greenland 
was  experiencing  a  tilting  movement  similar  to  that  supposed  by  Lyell 

^  Letter  from  Dr.  Pingel,  Proc.  Geol.  Soc.  London,  November  18, 1835,  II,  p.  206 ;  also 
Poggendorff*8  Ann^  XXXYII,  p.  446  et  seq. ;  earlier  referenoes  to  bibliograi^iy  in  Brown. 
PhTsicB  of  the  Arctic  Sea,  8to,  1871,  p.  690  et  seq.,  also  Quart.  Journ.  GeoL  Soc.,  1871. 
XXVII,  p.  692. 
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to  be  affecting  Scandinavia;  the  neutral  axis  was  placed  in  about  lat. 
IT  N.^ 

This  theory  has  passed  into  several  of  our  textbooks. 

In  an  abandoned  village,  situated  at  the  head  of  the  ice  fjord  of  Jakobe- 
havn  (lat.  GO""  T  N.)  and  said  to  have  once  borne  the  name  of  Kaja,  Nor- 
denskiold  found  ancient  dwellings,  now  chiefly  recognizable  from  the 
kitchen  middens  which  surround  them ;  he  estimated  their  age  at  500  years 
at  most ;  they  lie  so  near  the  shore  that,  in  his  opinion,  either  the  water  in 
the  fjord  must  have  risen  or  the  land  have  sunk,  for  it  is  not  probable  that 
the  villagers  would  have  chosen  a  site  so  near  the  sea  as  to  leave  no  room 
in  front  even  for  a  landing-place.  Jensen  likewise  records,  in  agreement 
with  a  statement  previously  made  by  Pingel,  that  in  the  mission  of  licht- 
enfels  (lat  63^  6'  N.),  according  to  the  assertion  of  the  missionaiy  EJein- 
schmidt,  it  had  thrice  been  found  necessary  since  1789  to  remove  the 
supporting  posts  for  the  women's  boats,  erected  on  the  beach,  further 
inland ;  this  would  give  a  subsidence  of  six  to  eight  feet  for  the  interval 
between  1789  and  1878  K 

This  does  not  agree  with  the  views  held  by  Steenstrup,  who  has  devoted 
so  many  years  to  the  study  of  Greenland ;  he  writes  in  1876  :  '  As  to  the 
question  of  subsidence  I  cannot  deny  that  I  am  fairly  sceptical  with  regard 
to  it.  I  have,  it  is  true,  seen  the  sites  of  houses  destroyed  by  water  in 
several  places,  and  it  cannot  be  denied  that  at  some  spots  the  houses  stand 
nearer  the  water  than  any  one  would  now  think  of  building  them,  occasion- 
aUy  indeed  in  the  water  itself;  but  when  we  consider  the  abundant 
evidence  in  a  contrary  direction  pointing  to  an  unchanged  sea-level,  to  be 
met  with  almost  everywhere  on  the  coast,  I  am  inclined  to  believe  that  the 
proofs  of  houses  having  been  destroyed  by  the  sea,  which  are  indeed  undeni- 
able, may  be  explained  by  local  causes,  such  as  a  change  in  the  currents,  or 
other  circumstances.'  To  enumerate  all  the  statements  of  natives  and 
colonists  would  not  advance  our  inquiry.  The  ruins  mentioned  by  Pingel 
on  the  little  island  in  the  Igalliko  fjord  are  ill  suited  to  serve  as  a  proof  of 
the  subsidence  of  the  land,  '  for,  judging  from  descriptions  of  earlier  date, 
it  is  in  precisely  the  same  condition  to-day  as  it  was  a  hundred  years  ago. 
Now  as  then  the  water  at  high  tide  reaches  the  walls.  .  .  .'  In  1888, 
Steenstrup  gave  a  list  of  such  dwelling-places  as  were  then  reached  by  the 
sea  or  had  already  been  destroyed  by  it,  without  drawing  any  final  conclu- 
sion, and  with  a  reference  to  the  extoemely  rapid  progress  made  by  silting 
np  in  a  number  of  Qords  \ 

'  Kane,  Arctic  Exploiations,  8vo,  1857,  II,  p.  692;  Beasels,  Die  noxdamezikaDische 
Polarezpedition,  8vo,  Leipng,  1879,  p.  156. 

'  Nordentkiold,  BedogOrelBe  om  GrOnland,  p.  1017;  Account  of  an  Expedition  to 
Greenland  in  the  year  1870,  GeoL  Mag.,  1872,  IX,  pp.  410, 418 ;  Jensen,  Meddelelier  om 
Gr^nland,  1879, 1,  p.  84. 

*  K.  J.  y.  Steenitnip,  Indberetning  om  de  i  GrOnland  i  Aaret  1876  foret  geologiike 
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We  must  thus  leave  oat  of  aoeoant  the  obeenratioos  wfaidi  refor  tc 
lyixig  strand-lines  and  the  rains  in  Igalliko  fjord.    Apart  from  the 
obvious  that  at  many  places  the  conditi<»is  have  remained  qnchang 
other  loealitieSy  chiefly  within  the  Qords  or  in  the  anns  of  the  sea 
the  islands,  there  is  evidence  of  positive  displacement.    But  we  mi 
overlook  the  fact  that  scarcely  any  other  coast  of  such  great  extent  r 
so  mnch  fresh  water  onder  such  peculiar  conditions ;  and  that  this 
depends  on  the  change  of  climatic  conditions.    Judging  from  the  ol 
tions  made  in  other  seas  we  should  expect  to  find  here  a  number  of  f 
either  entirely  positive  or  entirely  negative,  according  to  the  climati 
through  which  the  country  is  passing,  and  between  these  station 
points  which  are  not  exposed  to  the  direct  influence  of  the  water 
from  melting  ice,  and  consequently  where  its  effidcts  are  but  feebly  n 
or  not  at  aU. 

And  this  is  in  fact  the  case. 

Fr(»n  an  identiflcation  of  the  Ownbjarn  skerrieB  of  the  older  ma 
the  *  sunken  land  of  Bus '  it  has  been  concluded  that  evidence  of  the 
sinking  of  Greenland  might  be  traced  down  to  lat.  58*  N. ;  buttheol 
raised  by  Major  as  to  the  truth  of  the  identification  show  how  ba 
this  conjecture  \ 

Robert  Bell  believes  he  has  found  traces  of  an  active  negative  ma 
in  Hudaon  bay  still  proceeding  at  a  fairly  rapid  rate.    He  quotes 
firmation  the  sayings  of  the  inhabitants,  and  lays  particular  empi 
ihe  rapid  retreat  of  the  strand  at  the  mouths  of  the  Nelson  am 
rivera    The  same  movement  is  said  to  occur  in  East  Maine,  and  iz 
along  the  coast  from  fort  Churchill  round  the  west  of  iiie  great 
the  whole  of  James  bay.    Near  the  ancient  fort  Prince  of  Wales  U 
dence  is  estimated  at  seven  feet  in  the  century.    '  This  retreat  of 
says  Bell,  *  may  perhaps  be  ascribed  to  a  general  sinking  of  the 
with  regard  to  the  land,  and  in  part  to  the  silting  up  of  some 
Hudson  bay,  which  interrupts  the  free  course  of  the  tides  K' 

It  seems  reasonable  to  suppose  that  the  negative  displacement 
regicxi  is  the  result  of  the  same  causes  as  act  in  the  Baltic. 

From  New  Brunavnck  to  Massachudetta  submerged  forests  and  p 
occur  in  several  localities,  and  might  lead  us  to  suppose  that  a  posi 

UndenOgelie,  a%iy.  22  Marts,  1877.  SsBrtryk  af  TylUeg  B  til  Rigsdagstide 
1878,  KjObnhavn,  1877,  p.  16;  Meddelelser,  1881,  H,  pp.  40,  41  and  1883,  IV 
242.  Here  the  author  states  that  in  Jolianehaab  and  Frederikshaab  mooring  r 
&r  below  the  level  of  high  tide ;  this  fact  he  regards  as  a  sign  of  elevation, 
that  in  the  ciyolite  qoany  of  Ivigtok  three  mooring  rings  were  placed  below 
because  the  rock  above  did  not  seem  sufficiently  secure. 

'  Major,  Ptroc.  Geogr.  Soc.  London,  June  23,  1873,  XVII,  p.  821. 

'  R.  BeU,  Geological  Survej  of  Canada,  Report  of  Progress  for  1878-1879, 
op.  cit,  1877-1878,  0,  p.  86  and  CO,  p.  29. 
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placement  is  at  present  in  progress.  The  most  detailed  descriptions  have 
been  famished  by  Dawson  and  Matthew ;  Cook,  Gesner,  and  Qayot  have  also 
published  similar  accounts  \  Veiy  many  of  the  observations  refer  to  the 
coasts  of  the  bay  of  Fundy,  which,  owing  to  its  funnel-like  form,  compels  the 
entering  tidal  wave  to  rise  higher  and  higher  until  at  the  head  of  the  bay 
the  difference  between  low  and  high  water  amounts  to  more  than  sixty  feet. 
As  a  &ct  opposed  to  the  view  that  the  land  is  at  present  sinking,  Dawson 
himself  points  out  that  much  of  the  flat  country  along  the  coast  has  of  late 
years  been  dyked  in  and  that  the  tide  has  thus  become  stUl  more  confined  and 
perhaps  even  diverted  ^.  But  the  evidence  most  adverse  to  all  the  arguments 
in  support  of  the  prevailing  hypothesis  has  been  furnished  by  H.  Mitchell, 
who,  while  making  measurements  on  these  coasts,  has  succeeded  in  showing 
that  there  exist  in  this  very  region  a  great  number  of  points  fairly  remote 
from  one  another,  where  no  perceptible  change  in  the  relative  position  of 
land  and  sea  has  taken  place  for  the  last  three  centuries.  Such  fixed  points 
are  to  be  found  from  the  gulf  of  St.  Lawrence  to  Nova  Scotia  and  as  far 
as  Massachusetts.  The  proof  is  furnished  sometimes  by  the  unaltered 
position  of  the  salt  marshes,  which  are  still,  as  in  1609,  covered  twice  a 
month  by  the  spring  tides ;  sometimes  by  isolated  rocks  such  as  the  Isle 
Perc^  (Perc^  rock)  on  the  peninsula  of  Qasp^,  which  is  connected  with  the 
mainland  at  low  tide,  but  separated  at  high  tide  by  a  passage  through  which 
a  boat  may  pass,  and  it  has  maintained  this  state  since  1608.  We  cannot 
therefore  attach  any  importance  to  views  of  an  opposite  nature  \ 

Many  writers,  and  among  them  Lyell,  have  supposed  that  a  general 
subsidence  of  the  land  is  taking  place  in  South  CaroHna.  Tuomey  has 
investigated  the  facts  and  has  shown  in  a  convincing  manner  that  such  a 
supposition  is  untenable.  The  coast  is  quite  flat  and  marshy  for  long 
distances  ;  by  a  subsidence  of  the  land  or  a  rise  of  the  sea  to  the  extent  of 
only  two  feet  the  rice-fields  would  be  destroyed  far  and  wide.  The  presence 
of  kjitchen  middens  on  James  island  in  itself  renders  it  improbable  that  any 
considerable  oscillation  can  have  occurred  in  recent  times ;  yet  none  the  less, 
the  remains  of  forests  which  have  been  inundated  by  the  sea,  with  the 
trunks  of  trees  still  projecting  from  the  water^  are  certainly  to  be  seen.   In 

'  DawBon,  Acadian  Oeology,  8to,  1868,  p.  28  et  seq. ;  G.  F.  Matthew,  Report  on  the 
Superficial  Gkology  of  Southern  New  Brunswick,  (Geological  Survey  of  Canada,  Report 
of  ProgreM  for  1877-1878,  EE,  p.  86  et  seq. ;  G.  H.  Cook,  On  a  Subsidence  of  the  Land 
on  the  Sea  Coast  of  New  Jersey  and  Long  Island,  Am.  Joum.  Sci.,  1857, 2nd  Ser.,  XXIV» 
pp.  841-854;  A.  Gesner,  On  the  EleYotion  and  Depression  of  the  Earth  in  North 
America,  Quart.  Joum.  GeoL  Soc.,  1861,  XVII,  pp.  881-888,  and  in  the  Journal 
de  rhistitut,  Paris,  1862,  p.  120. 

*  Dawson,  Acadian  Geology,  p.  81. 

*  H.  Mitchell,  Notes  concerning  alleged  Changes  in  the  relative  Elevation  of  Land 
and  Sea ;  Rep.  of  the  Superintendent  of  the  U.S.  Coast  Surrey  for  1876-1877,  4to, 
Washington,  1880,  Appendix  8,  pp.  98-108. 
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some  places  these  have  been  0abmei|;ed  by  an  inbreak  of  the  aea^  ov^ 
ing  a  low-lying  regicm  whi(^  nature  has  dyked  in  by  a  bar ;  inothen 
ever,  the  cause  is  different  When  dnrinir  an  ezoeptionaUy  hiffh  tide  th 
driven  over  a  cypress  swamp»  the  salt  water  soon  kills  all  the  growing 
and  this  leads  to  a  sinking  of  the  whole  groond  together  with  the  i 
sapports.  The  water  then  permanently  ooeapies  the  subsided  region, 
is  yet  another  process,  which  is  illustrated  by  Morris  island.  Here ' 
a  line  of  dunes  thirty  to  forty  feet  hi^;  within  them  isagreat  man 
the  dunes  move  inland  they  leave  the  roots  of  trees  beneath  exposed  i 
masses  on  the  seaward  side ;  the  weight  of  the  advancing  dune  can 
marsh  to  sink,  together  with  the  trees  growing  on  it ;  outside  the  di 
trees  are  brought  to  light  again  below  the  level  of  high  tide;  frei 
oysters  may  be  seen  attached  to  them  ^. 

We  thus  encounter  in  this  region  phenomena  very  similar  t 
already  described  on  the  coasts  of  the  Ncnrth  sea. 

The  basis  which  supports  the  Keys  of  Florida  as  far  as  the  T 
indicates  a  long-continued  stability  of  the  strand  (H,  p.  810).  This  s 
is  also  revealed  by  the  structure  of  the  Mississippi  ddtcu 

The  beds  of  Gnathodon  shells  to  be  met  wiih  at  various  height 
the  Mississippi,  which  were  regarded  by  Lyell  as  proof  of  a  recent  el 
of  the  land,  are  kitchen  middens.  It  is  true  that  at  present  Gnatb 
seldom  to  be  observed  alive  above  Choctaw  point  (one  mile  below  ] 
while  fiffy  miles  further  up  the  valley  extensive  accumulations  c 
containing  Indian  potteiy  lie  beneath  two  feet  of  soil  and  the  remau 
ancient  forest '. 

The  Mississippi,  unlike  many  other  rivers,  does  not  open  into  a  d( 
forming  so  to  speak  a  continuation  of  its  valley,  which  must  first  1 
up  before  it  can  push  out  its  delta  into  the  open  sea.  Even  at  New 
the  deposits  of  the  Mississippi  scarcely  descend  below  ~  87  or — 40  f  ee< 
as  in  other  cases,  we  are  able  to  speak  of  the  head  of  the  delta, ; 
cannot  be  placed  higher  up  than  the  constriction  between  lake  Pontcl 
and  the  Grand  lake.  It  is  only  the  inner  '  bayous '  or  blind  arms, 
Atchafalaja  and  Plaquemine,  which  assist  in  the  formation  of  the 
parts  of  the  delta,  and  the  volume  of  water  they  contain  is  not  mo 
about  one-twelfth  that  of  the  river.  All  the  rest  of  the  water  of  the 
sippi,  together  with  by  far  the  greater  part  of  its  suspended  sedii 

*  Tnomey,  Report  on  the  Geology  of  South  Carolina,  4to,  Columbia,  1848, 
200.    0.  lieber  subsequently  thought  that  he  recognized  positive  movemei 
because  oyster  shells  with  ancient  pottery  occur  as  far  as  80  miles  up  from 
mouths.    These  appear  to  me  to  be  kitchen  middens  behind  recently  form 
Lieber,  Notes  on  certain  Ancient  and  Present  Changes  along  the  Coast  of  South 
Am.  Joum.  ScL,  1859,  2nd  Ser.,  XXVIII,  pp.  854-859. 

'  Humphreys  and  Abbot,  Report  upon  the  Physics  and  Hydraulics  of  the  M 
River,  reprinted  with  additions,  4to,  Washington,  1876,  p.  464. 


CH.  xn]  MOVEMENTS  IN  THE  PASSE  A  L'OUTRE     478 

carried  out  beyond  the  ancient  coast-line,  and  not  before  this  is  passed  does 
deposition  be^  to  take  place.  Then  the  various  branches  of  the  river  build 
up  the  long  narrow  mounds  upon  which  they  flow.  From  time  to  time, 
without  any  seismic  disturbance,  a  mud-cone  arises  from  the  depths  near 
the  termination  of  those  mounds  which  have  advanced  furthest  into  the  sea. 
An  opening  is  formed  from  which  brackish  water,  liquid  mud  and  combus- 
tible gases  make  their  escape,  sometimes  gradually,  sometimes  in  a  sudden 
outburst  At  high  water  the  activity  of  these  'mud-lumps'  increases, 
after  some  time  the  eruption  comes  to  an  end,  but  there  remains  behind 
a  new  fixed  point  which  aids  in  the  advance  of  the  pass  \ 

In  addition  to  these  singular  eruptions,  movements  of  an  altogether 
difierent  kind  sometimes  occur. 

On  April  18-14,  1876,  as  Forshey  informs  us,  there  occurred  in  the 
Passe  k  TOutre  a  remarkable  disturbance  which  rendered  it  necessary  to 
abandon  dredging  operations  in  this  branch  of  the  river. 

In  a  single  night  the  whole  neighbourhood  had  changed  its  aspect; 
a  *  mud-lump,'  or  some  similar  alluvial  mass,  had  arisen  out  of  a  depth  of 
seven  or  eight  feet  of  water ;  running  obliquely  across  the  channel  of  the 
river,  it  stood  in  some  places  as  much  as  nine  feet  above  the  water,  extend- 
ing over  an  area  of  seventeen  acres,  which  had  previously  been  submerged. 
The  movement,  which  resembled  that  of  a  glacier,  was  directed  forwards, 
and  continued  through  the  whole  of  the  summer ;  it  was  accompanied  by 
elevation  and  subsidence  of  various  amount  and  expressed  itself  in  the  form 
of  furrows  and  folds,  which  spread  over  more  than  a  thousand  acres.  The 
dredgers  engaged  in  the  pass  found  it  impossible  to  maintain  a  passage  over 
the  ridge,  and  in  August  they  abandoned  the  attempt.  It  was  definitely 
ascertained  that  the  movement  was  continuous  and  normal  to  the  curve  of 
the  bar  at  the  mouth  of  the  pass  ^. 

This  description  suggests  one  of  those  gliding  and  folding  movements 
which  sometimes  affect  the  upper  mass  of  a  delta  and  produce  bending, 
folding,  and  shearing  in  its  interior.  The  continuous,  glacier-like  move- 
ment, the  production  of  folds  on  the  surface,  the  magnitude  of  the  area 
affected,  the  impossibility  of  checking  it  by  human  agency — these  are 
indeed  the  characters  of  such  a  phenomenon. 

Thus  then,  the  great  mass  of  mud  is  subject  to  changes  of  divers  kinds, 
but,  as  at  Aigues-Mortes  and  on  the  Po,  tiie  existing  bars  prove  that  no 
important  displacement  of  the  strand-line  can  have  occurred  for  a  long 

^  Qeneial  Humphreyi'  letter  to  Sir  C.  Lyell,  op.  cit.,  p.  648 ;  £.  Hilgard,  On  the 
Geology  of  the  Delta  and  the  Mud-lompe  of  the  Passefl  of  the  MissiMippi,  Am.  Jonm.  SoL, 
1871,  8rd  Ser.,  I,  pp.  857,  482. 

*  C.  0.  Foiihej,  PhjBica  of  the  Lower  Misnidppi  River ;  PMc.  Am.  Amoc.  Adv.  Sci, 
Twenty-nxth  Meeting  at  NashviUe,  1877,  Svo,  Salem,  1878,  p.  158  note.  Similar  glacier- 
like morementa  are  mentioned  by  Hilgard  on  Petite  Anse  island ;  Geology  of  Lower 
Lomnana,  Smiths.  Contrib.  to  Knowledge,  1872,  XXIII,  No.  248,  p.  la 
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time  past  An  outer  chain  of  ban,  reprwenting  the  existing  line 
which  the  river  and  ihe  sea  cont^id  for  mastoiy,  runs  in  the  east  fr 
Chandeleor  islands  to  some  distance  outside  of  fort  St  Philip,  and 
west  from  llmbalier  island  towards  Atcha&laja  bay.  At  the  sam 
inside  this  chain  of  bars  there  is  an  older  inner  bar  which  runs  a  litt 
side  Mobile  bay  towards  Cat  island.  If  in  the  course  of  the  L 
centuries  the  strand-lines  had  been  displaced  to  any  oonsideraUe 
then  this  older  bar  would  either  have  been  buried  beneath  ^e  sedin 
elevated  above  the  existing  bar.  But  it  lies  precisely  at  the  san 
as  the  formations  of  the  present  day. 

Let  us  now  return  to  the  north  and  direct  our  attenti<m  to  thoe* 
of  a  displacement  of  the  strand  which  have  been  preserved  from  remol 

While  all  the  statements  made  as  to  movements  of  the  strand-1 
in  progress  are  more  or  less  doubtful  or  incorrect,  yet  of  n^ativt 
ments  which  date  from  an  earlier  period,  abundant  proofs  are  to  ben 
both  around  the  North  Atlantic  and  on  the  shores  of  the  Arctic  Ocean 
investigators,  among  whom  Middendorff  may  be  especially  mention 
observed  that  indications  of  elevation  increase  in  number  towi 
north  pole.  But  after  the  results  we  have  obtained  in  the  fjords  of 
we  cannot  accept  without  further  examination  every  one  of  the  n 
high-lying  terraces  observed  in  the  Arctic  regions  as  a  definite  pnx 
presence  of  the  sea  at  a  higher  level  Even  the  occurrence  of  sr 
shells  in  isolated  examples  is  not  indisputable  evidence ;  many  y 
the  distinguished  naturalist  Steenstrup  showed  the  necessity  for  ca 
this  matter,  pointing  out  that  the  eider-duck  brings  up  shell-fish  £ 
prisingly  great  depths,  and  even  specimens  of  RkyTuxmella  pdtU 
shells  of  which  it  ejects  from  its  crop  on  the  top  of  the  rocks  \ 

The  unusually  exact  observations  made  in  the  south-west  of  Q 
(II,  p.  856)  show  clearly  that  the  terraces  extend  to  much  more 
able  heights  than  the  shell  beds.  Unfortunately  the  accounts  : 
extreme  north  are  not  always  satisfactory ;  attention  has  been  t< 
sively  directed  to  the  terraces ;  these  have  been  taken  offhand  as 
shore-lines  of  the  sea ;  it  is  seldom  enough  that  we  are  in  a  pc 
discover  with  absolute  certainty  to  what  height  the  shell  beds 
extend.  There  is  besides  the  difficulty  that  in  some  places  horizo 
of  the  most  striking  appearance,  and  slopes  looking  as  though  t 
entrenched,  have  no  connexion  with  the  recent  terraces,  but  are 
by  the  horizontal  stratification  of  the  Palaeozoic  limestone,  as,  for 
in  the  case  described  by  Sutherland  at  cape  Felfoot  (lat.  74 
long.  88*  2(y  w.y. 

^  NordenskiOld  also  warns  as  against  this  source  of  error ;  Bihang  k.  sti 
Akad.  Handl.,  1877,  IV,  No.  1,  p.  19. 

*  P.  C.  Sutherland,  Journal  of  a  Voyage  in  Baffins  Baj  and  Barrow  Straiti 
Command  of  Mr.  William  Penny,  8vo,  1852, 1,  pp.  286-288,  and  II,  p.  284. 
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Some  examples  of  terraces  may  now  be  enumerated,  and  particularly, 
but  not  exclusively,  such  as  are  distinguished  by  the  presence  of  sea-shells. 

On  the  east  side  of  Greenland,  Payer  has  encountered  terraces  at  many 
places  between  lat.  76''  2(/  and  lat.  73""  N.  They  occur  in  great  numbera 
on  the  north-east  of  Sharmon  idand,  one  above  the  other,  reaching  a 
height  of  several  hundred  feet;  they  reappear  on  the  south  of  ScMne 
island,  on  the  coast  between  cape  Broer  Buys  and  Mackenzie  hay  \ 

On  the  north-west  side  of  Greenland  they  are  developed  in  an  alto- 
gether extraordinaiy  manner,  and  extend  into  the  extreme  north,  as  far 
indeed  as  man  has  yet  penetrated,  often  accompanied  to  considerable 
heights  by  sea-shells.  Captain  Feilden  states  that  he  found  some  indi- 
cations of  this  kind  at  almost  every  point  which  he  visited  in  Smith 
eound,  as  well  as  north  of  the  sound  in  QrinndL  la^nd,  and  on  the  opposite 
coast  of  Greenland.  Up  to  lat.  82^  35'  N.  marine  shells  were  collected 
from  the  terraced  land  high  above  the  existing  shore.  In  Discovery  harbour, 
Grinnell  land  (lat.  81''  46'  N.),  where  the  Discovery  wintered  during 
1875-6,  beds  with  Saxicava  rugosa,  Astarte  borealis,  and  other  Arctic 
species  lie  a  thousand  feet  above  the  existing  sea-leveL  In  Polaris  bay 
(lat.  81^  4Xy  N.)  driftwood  and  Mya  frvmcata  occur,  according  to  Bessels, 
up  to  a  height  of  1^00  feet  above  the  sea.  Hayes  mentions  that  in  all 
the  harbours  and  bays  which  he  visited  north  of  cape  York,  terraces  were 
to  be  seen,  especially  in  Van  Rensselaer  harbov/r  (lat  78*  40'  N.).  In  port 
Foulke  (lat  78^*  20'  N.)  he  observed  twenty-three  terraces  rising  one  above 
the  other  in  a  very  regular  series  K 

'I  counted  to-day,'  says  Kane,  'forty-one  distinct  ledges  or  shelves 
of  terrace  embraced  between  our  water-line  and  the  syenitic  ridges  through 
which  Jliary  river  forces  itself.  .  .  .  Their  breadth  was  either  twelve, 
twenty-four,  thirty-six,  or  some  other  multiple  of  twelve  paces.  This 
imposing  series  of  ledges  carried  you  in  forty-one  gigantic  steps  to  an 
elevation  of  480  feet.  • . .  They  are  more  imposing  than  those  of  Wellington 
channel^  •  . .  and  reminded  me  of  the  parallel  roads  of  Glen  Boy. . .  .^ ' 

The  indications  in  the  south-west  of  Greenland  have  already  been 
mentioned  (H,  p.  356). 

In  Cornwall  and  Beechey  islands  (lat  74*  40'—  75  N.)  in  Barrow  strait 
and  Wdlington  channel  Sutherland  observed  shells  belonging  to  living 
species  of  Arctic  marine  moUusca  a  thousand  feet  above  the  sea,  on 
the  highest  points  of  the  land.    The  terraced  form  of  the  coast  is  par- 

'  J.  Fkkyer,  Die  Oeterrdcliiscli-ungariBche  Nordpol-Ezpedition  in  den  Jahren  1872- 
1874,  8to,  1876,  pp.  471  and  561. 

*  H.  W.  Feilden,  The  Post-tertiary  Beds  of  GrinneU-Land  and  North  Greenland,  Ann. 
Mag.  Nat  Hist,  1877, 4th  Ser.,  XX,  pp.  488-489 ;  also  Heer,  Quart.  Joam.  Geol.  Soc.,  1878, 
XXXIV,  p.  66  et  passim ;  Bessels,  BulL  Soc.  g^ogr.  Paris,  March,  1875,  pp.  291-299 ; 
Hayes,  Das  offene  Polar-Meer,  Bro,  1868,  pp.  288,  844. 

*  E.  K.  Kane,  Arctic  Explorations,  II,  p.  81. 
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ticolarly  well  seen,  according  to  Armstrong,  on  the  amftller  of  the  Pri 
BoycU  idanda  (Investigator  strait)  between  Baring  island  and  I 
Albert  land.  In  Baring  idand  itself,  on  the  sommit  of  Cozoombe  < 
M'Clnre  collected  Ch/prina  idaniioa  500  feet  above  the  sea;  and  in 
Kennedy t  &t  the  northern  end  of  the  peninsula  of  Boothia^  Dr.  Wi 
one  of  the  companions  of  M'Clintock,  found  Saaicaioa  rugoea^  Ai 
barealis,  Oyprina  idandica  and  other  species  at  various  heights, 
100  to  500  feet    At  150  feet  lay  the  bones  of  a  whale  \ 

In  conclusion  we  may  mention  that  Elutschak,  Schwatka's  compi 
on  his  journey  from  the  north  coast  of  Hudson  bay  to  King  William's 
found  terraces  at  heights  of  thirty  to  forty  feet,  along  the  flat  ooi 
Simpaon  strait  K  We  will  now  leave  the  Arctic  archipelago  and  tni 
attention  to  Hudson  bay. 

In  the  north  part  of  Budson  strait,  indeed  along  the  whole 
between  Nain  and  Resolution  island  (lat  62"*  N.),  Captain  Ichabod  I 
observed  high-level  terraces,  as  for  example  at  Nain,  where  an  a 
littoral  formation  occurs  800  feet  above  the  sea,  and  in  Resolution  i 
where  a  similar  formation  is  found  at  200  feet  with  three  terraces, 
terraces  near  Smyth  harbour  in  the  north-east  part  of  Southampton 
were  seen  long  ago  by  Back,  who  was  filled  with  astonishment  at 
regularity.     The  recent  marine  deposits  with  Saxicava  rugoea^  . 
idandicuSf  BhynconeUa  peittacea,  and  other  representatives  of  the  es 
fauna  do  not  pass   much  beyond  the  existing  outline  of  Hudsoi 
R.  Bell  found  them  on  Churchill  river,  96  kilometers  above  the  i 
at  a  height  of  about  850  feet  above  the  sea-level ;  in  the  basin 
Nelson  river  up  to  lat  56^  81^  N.  at  a  height  of  200  feet ;  along  the 
gcrnii,  a  tributary  of  the  Albany,  about  450  feet,  and  on  the  Miesii 
the  basin  of  the  Orignal  river  (Moose  river),  about  800  feet  above  t 
South-east  of  Hudson  bay,  on  all  the  islands  and  coasts  of  EaM 
traces  of  a  relict  strand  are  to  be  seen  up  to  800  feet,  and  Bell  ] 
doubt  that  further  inland  they  exist  at  an  even  greater  height.    Dri 
lies  here  thirty,  indeed  even  forty  and  fifty  feet  above  the  sea,  b 
appears  at  greater  heights  under  the  action  of  the  weather  '. 

'  P.  G.  Sutherland,  On  the  Oeology  and  Glacial  Phenomena  of  the  Coasts  < 
Straits  and  Baffins  Bay,  Quart  Joum.  Geol.  Soc.,  1853,  IX,  p.  300 ;  Armstrong, '. 
Narratiye  of  the  Discoveiy  of  the  North-west  Passage,  8vo,  1857,  p.  267 ;  Hi 
Geological  Account  of  the  Arctic  Archipelago,  drawn  up  from  Specimens  colL 
Capt.  M'CHntock,  Geol.  Soc.  Dublin,  Jan.  11,  1860,  in  Nat.  Hist.  Review,  T 
p.  156 ;  also  M*Glintock,  Journal  of  the  Voyage  of  the  Fox^  appendix. 

'  H.  W.  Klutschak,  Als  Eskimo  unter  den  Eskimos,  8vo,  1881,  p.  113. 

'  A.  S.  Packard,  jun.,  Observations  on  the  Glacial  Phenomena  of  Labrador  ani 
Mem.  Boston  Soc.  Nat.  Hist,  1867,  I,  p.  226;  Back,  On  the  North-Eastem  i 
Southampton  Island,  Joum.  R.  Geogr.  Soc.,  1837,  VII,  pp.  462-466 ;  R.  Bell,  B 
Explorations  on  the  Churchill  and  Nelson  Rivers,  Ac,  Geological  Survey  of 
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In  Labrador,  Hind  observed  terraces  up  to  a  height  of  1,000  or 
lylOO  feet.  Here,  as  in  Norway,  they  are  sometimes  eat  in  the  hard  rock, 
as  for  example  in  Strawberry  harbour,  where  they  occur  up  to  500  feet 
according  to  Packard ;  in  Domino  harbour  they  are  cut  in  quartzite,  in 
other  places  in  trap,  and  they  appear  to  be  true  seter.  Particularly  well 
defined  are  the  terraces  on  the  two  sides  of  Belle  Isle  strait.  Ghimmo 
describes  the  regular  terraces  in  the  harbour  of  Aillick.  In  Newfoundland 
Milne  traced  terraces  up  to  1,000  feet  ^ 

The  recent  marine  beds  which  we  have  encountered  in  the  extreme 
north,  around  Hudson  bay  and  far  away  up  to  the  valleys  of  the  Albany 
and  Moose  river,  finally  reach  Kingston  at  lake  Ontario,  and,  characterized 
by  all  the  signs  of  a  transgressive  marine  formation,  cover  a  not  in- 
considerable part  of  the  country.  These  beds  have  been  termed  by  Dana 
and  many  other  American  geologists  the  Champlavn  series,  since  they  are 
particularly  well  developed  around  lake  Champlain,  south  of  Montreal ;  by 
Dawson  and  others  they  are  spoken  of  as  pod-Pliocene. 

These  marine  beds  lie  above  the  drift  and  are  consequently  more  recent 
than  the  glacial  period.  Proceeding  from  New  Brunswick  towards  the 
south,  the  series  is  seen  overlying  the  boulder  clay,  and  presents  two  sub- 
divisions ;  the  Leda  clay  at  the  base  and  above  it  the  Saxicava  sand.  The 
Leda  clay,  according  to  Dawson,  is  of  very  variable  thickness,  attaining 
a  maximum  of  100  feet ;  in  some  cases  it  contains  no  other  fossil  than 
Leda  a/rdica,  and  it  closely  resembles  the  deposits  now  accumulating  in 
the  gulf  of  St.  Lawrence;  it  was  probably  formed  at  depths  of  20  to 
100  &thoms.  The  boundary  of  the  Saxicava  sand  is  apparently  not  always 
clearly  defined. 

There  is  no  indication  to  show  that  the  climate  was  more  severe  during 
the  Champlain  period  than  it  is  at  present.  It  is  true  that,  according  to 
Dawson,  the  species  of  the  existing  Canadian  flora  which  are  found  in  the 
Leda  clays  of  Ottawa  are  more  especially  those  which  are  capable  of 
enduring  a  fairly  severe  climate,  but  Arctic  forms  do  not  occur.  On  the 
other  hand,  we  cannot  fail  to  be  surprised  by  the  very  frequent  occurrence 
of  twigs  and  leaves  of  Papulua  baUamifera,  now  rare  in  the  neighbourhood 
of  Ottawa;    but  these  remains  may  have  drifted.    Remains  of  Papulvs 

Report  of  Progren  for  1878-1879,  C,  pp.  23,  28;  Report  on  an  Exploration  in  1875 
between  James*  Bay  and  Lakes  Superior  and  Huron,  op.  cit.,  1875-1876,  p.  878 ;  Report 
on  an  Exploration  of  the  east  coast  of  Hudson's  Bay,  1877,  op.  oit.,  1877-1878,  C,  p.  86, 
and  CC,  12 ;  also  Trans.  Roy.  Soc.  Canada,  1884,  II,  p.  241  et  seq. 

^  Hind,  Observations  on  the  supposed  Glacial  Drift  in  the  Labrador  Peninsula,  Quart 
Joum.  Geol.  Soc,  1864,  XX,  pp.  122-180 ;  A.  S.  Fkckard,  jun.,  On  the  glacial  Phenomena 
of  Labrador  and  Maine,  Mem.  Bosion  Soc.  Nat  Hist,  1867, 1,  pp.  228, 227 ;  W.  Chimmo, 
Viatt  to  the  North-East  Coast  of  Labrador,  Joum.  Geogr.  Soc.,  1868,  XXXYIII,  p.  271 ; 
J.  Mihie,  Notes  on  the  Physical  Features  and  Mineralogy  of  Newfoundland,  Quart. 
Joum.  OeoL  Soc,  1874,  XXX,  p.  720. 
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halrnvmifera  still   frequenUy  oocar   in   very  high  latiiadee  among 
drift-wood.     The   bison   is  mentioned   by  Lyell   as  ooeorring  in 
deposits  ^ 

The  Leda  day  also  contains  remains  of  the  Oreenland  seal,  and  o 
walrus;  nodoles  of  day  endosing  skeletons  of  the  caplin  {Md 
fnllosus)  and  the  lamp-fish  (Oydopterus  lumpua)  are  also  found  in  it 
many  foraminifera,  all  bdonging  to  spedes  stiU  living  in  the  gc 
St.  Lawrence.  On  the  other  hand,  the  great  whale,  BeUuga  Vermofi 
which  was  found  in  the  Saxicava  sand,  appears  to  diflfor  from  all  ex: 
spedes. 

With  regard  to  the  rich  moUusean  fauna  of  the  Champlain 
Packard  mentions  the  following  facts : — 

One  or  two  spedes,  Fusua  Labradarenms,  and  perhi^  Bda  n 
must  be  regarded  as  extinct ;  all  the  others  are  still  living,  and  the 
tribution  is  at  present  determined  by  essentially  the  same  oonditi 
existed  daring  the  Champlain  period.    Between  the  two  regions 
Arctic  marine  fauna  represented  by  Greenland  and  cape  Cod  thex 
exist  two  other  well-defined  marine  faunas.     The  first  of  tha 
Syrtenrian  or  Labrador  fauna,  inhabits  Hudson  bay,  Labrador  a 
north  coast  of  Newfoundland.    It  follows,  however,  in  streak-like 
sions  that  branch  of  the  cold  counter-current  which  separates  Ht 
stream  from  the  continent,  and  forming  isolated  colonies  on  the 
banks  of  the  coast  it  penetrates  some  distance  towards  the  south, 
encroaches  on  the  region  of  the  southern  or  Acadian  fauna,  which  c 
in  its  advance  towards  the  north  on  the  distribution  of  the  Gulf  stre 
The  molluscan  fauna  of  the  Leda  clay  and  of  the  Saxicava  sane 
that  during  their  formation  the  Syrtensian  fauna  inhabited  the  St.  Is 
as  far  up  as  Quebec  and  Montreal,  while  east  of  the  Saco  river 
Portland  this  fauna,  together  with  the  few  intermingled  Arctic  spec 
replaced  by  the  Acadian  fauna. 

From  this  Packard  infers  that  at  that  time  a  branch  of  the  cold  € 
current  flowed  through  the  existing  strait  of  Belle  Isle  and  up  the  i 
St.  Lawrence  towards  lake  Champlain,  while  the  eastern  region  yn 
jected  to  the  warming  influence  of  the  Gulf  stream.  Consequently  ) 
the  Arctic  members  of  the  Syrtensian  fauna,  such  as  Leda  arctica, 
groenlaTidicuSy  and  others,  extended  further  south  than  at  present 
the  other  hand  we  flnd  as  far  north  as  Nantucket  some  spedes 
deposits,  such  for  instance  as  Vervus  mercenaria,  which  are  typica 
warm  Virginian  fauna  \ 

*  Dawion,  Acadian  Geology,  p.  408 ;  also,  The  Evidence  of  Fovil  Plants 
Climate  of  the  pott-Pliocene  Period  in  Canada,  Canadian  Naturalist,  1866, 2nd 
pp.  69-76. 

'  A.  S.  Packard,  jun.,  Glacial  Phenomena  of  Labrador  and  Maine,  p.  210  et  i 
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The  beds  of  Nantucket  were  described  as  early  as  1849  by  Desor  and 
Cabot  and  since  by  Verrill  and  Scudder. 

On  Sankoty  head,  Nantucket  island,  the  matted  tubes  of  S&rptUa 
diaTUhus  form  a  bed  of  serpulite  intercalated  between  two  shell-bearing 
beds;  a  similar  growth  of  the  same  species  of  Serpula  may  still  be  seen 
between  low-water  and  a  depth  of  »8  fathoms  in  sheltered  places  along  the 
south  coast  of  New  England  and  as  far  south  as  Carolina.  The  lower  of 
the  two  shell-bearing  beds  just  mentioned  contains  moUusca  of  a  southern 
type,  such  as  thick-shelled  specimens  of  Venvs  Tnercenaria^  mentioned 
above,  then  Modicla  Jtamata,  Cumvngia  tellinoidea,  Area  aubtraTieversa  and 
others,  while  in  the  higher  bed  above  the  serpulite  lies  a  northern  fauna 
with  Buccmum  undatv/ni,  Aetarte  castanea^  Cydocardia  borecde,  Mya 
trvmcatay  &c.  According  to  VerriU  a  large  part  of  the  sand-banks  which 
here  border  the  coast  of  America  must  be  regarded,  like  the  shell  beds  of 
Nantucket,  not  as  deposits  only  recently  formed  by  the  sea,  but  as  the 
remains  of  the  denuded  Champlain  series  \ 

The  most  important  result,  however,  which  follows  from  these  investiga- 
tions is  that  the  thdf  dream  already  existed  aJt  this  period. 

The  shelly  sands  extend  up  the  St.  Lawrence  past  Montreal  to  Kingston, 
while  even  much  further  towards  the  interior  we  still  see  terraced  land, 
though  without  sea-shells.  Dawson  has  given  an  excellent  general  descrip- 
tion of  this  region  and  has  determined  the  height  of  a  great  number  of 
terraces.  At  three  localities  on  the  lower  St.  Lawrence,  les  fiboulements, 
Petite  Mai  bay  and  Murray  bay  (lat.  47^  40'  to  4r  SC  N.),  the  ancient 
strand-lines  may  be  seen  as  follows : — at  the  first  locality,  one  line  occurs  at 
a  height  of  274  meters,  and  below  it  six  others ;  at  the  second,  there  are  six 
lines,  the  highest  at  228  meters;  at  the  third,  there  are  eight  lines,  the 
highest  at  186-5  meters.  On  the  isolated  hill  of  mount  Royal  (Montreal, 
lat.  46*  S(y  N.)  a  few  principal  lines  are  visible  and  between  them  many 
subordinate  ones.  The  lowest  important  terrace,  known  as  Sherbrooke- 
street  terrace,  lies  at  a  height  of  86-6  meters  in  the  Leda  clay ;  the  next, 
Waterwork  terrace,  at  a  height  of  67  meters,  is  excavated  in  the  lower  Silu- 
rian limestone,  and  I  am  not  sure  whether  it  should  not  be  regarded  as  a 
seter.  Three  terraces  occur  at  levels  of  117-6,  184*1  and  148  meters;  the 
latter  of  these  is  accompanied  by  a  very  clearly  marked  deposit  containing 
pebbles  and  Saodcava  ardica  K 

In  the  south  of  New  Brunswick,  Matthew  has  distinguished  terraces  up 
to  a  height  of  106  meters,  while  according  to  Hind  the  highest  strand-line 

^  Yerrill,  On  the  poet-FUocene  Foeuls  of  Sankoty  Head,  Nantucket  Island,  with  a  Note 
OB  the  G6ol<^  by  Scudder,  Am.  Jonm.  ScL  Aitt,  1875, 8rd  Ser.,  X,  pp.  864-875 ;  Scudder, 
Port-Pliocene  fotnls  from  Sankoty  Head,  Proc.  Botton  See  Nat  Hist.,  1876,  XYIII, 
pp.  182-185. 

*  Bawion,  Acadian  Geology,  p.  89. 
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recorded  in  the  bay  of  Fundy  lies  at  149  meters.  On  the  coasts  of  Ifaine 
(lat  46"*  to  48''  N.)  the  same  terraces  appear  at  intervals;  Shaler  has 
definitely  ascertained  that  their  height  above  the  sea  decreases  towards  the 

south  ^ 

The  fact  that  the  strand-lines  of  this  region  decrease  in  height  towards 
the  south  has  frequently  been  emphasized  by  Dana ;  the  following  figures 
taken  from  Dana's  lucid  description  may  suffice  to  show  this,  for  even  if  in 
many  cases  the  upper  part  of  the  littorsJ  formations  has  since  disappeared, 
yet  this  will  not  destroy  the  correspondence. 

On  the  lower  St.  Lawrence  we  found  the  considerable  altitude  of  274 
meters,  but  shells  are  absent ;  in  the  bay  of  Fundy  149  meters ;  at  Montreal, 
where  shells  occur,  148  meters.  On  the  shores  of  lake  Chcvmplain  (laL  46** 
to  44*  N.)  Dana  mentions  terraces  at  a  height  of  120  meters,  containing 
marine  shells  up  to  a  height  of  99  meters ;  at  point  Shirley,  near  Boetcm 
(lat.  42"*  45'  N.),  only  at  22-8  meters  to  80^  meters ;  at  Nantucket  (lat  4,V 
2(y  N.)  at  26  meters ;  finally  on  the  south  coasts  of  New  England  (up  to 
about  lat  4r  N.),  they  are  only  40  to  50  feet  (12-2  to  15-8  meters)  above 
the  sea-level '. 

Much  still  remains  obscure,  and  no  doubt  the  height  of  a  deposit  does  not 
depend  solely  on  the  height  of  the  sea-level,  but  on  numerous  other  dream- 
stances  as  well ;  yet  we  may  record  as  a  provisional  result  that  at  high 
latitudes  in  the  east  of  North  America  recent  shell  beds  occur  at  a  great 
height,  and  that  the  post-glacial  Champlain  beds,  which  are  probably  their 
continuation,  descend  towards  the  sea-level  as  they  approach  the  south,  and 
especially  between  the  fiftieth  and  fortieth  parallels. 

The  terraces  which  occur  towards  the  interior,  in  the  north  of  the  United 
States,  are  not  all  of  the  same  kind ;  many  are  river  terraces,  others,  like 
the  Norwegian  terraces,  result  from  the  damming  up  of  a  valley  by  ice. 
Davis  has  rightly  iUustrated  the  formation  of  these  by  lake  Maijelen  on 
the  Aletsch  glacier,  and  even  supposes  that  the  terraces  which  are  visible 
200  to  800  feet  above  the  existing  level  of  lake  Superior  owe  their  origm 
to  comparatively  small  sheets  of  water  which  once  lay  between  the  shore 
and  the  front  of  the  receding  ice  \ 

These  phenomena  need  not  detain  us  longer,  and  we  will  pass  on  to  the 
most  recent  marine  deposits  of  northern  Europe. 

^  G.  F.  Matthew,  Report  on  the  Superficial  Geology  of  Southern  New  Brunswick, 
Geological  Survey  of  Canada,  Report  of  Progress  for  1877-1878,  E£,  p.  85 ;  N.  S.  Shaler, 
Recent  Changes  of  Level  on  the  Coast  of  Maine  with  reference  to  their  Origin,  Mem. 
Boston  Soc.  Nat.  Hist.,  1875,  II,  pp.  322-841. 

*  Dana,  Manual  of  Geology,  2nd  ed.,  1875,  p.  550 ;  also  Depression  of  Southern  New 
Enghind  during  the  melting  of  the  great  Glacier,  Am.  Joum.  Sci.,  1875,  8xd  Ser.,  It 
pp.  409,  436  et  passim. 

'  W.  M.  Davis,  On  the  Qassification  of  Lake  Basins;  Proc  Boston  Soc.  Nat  Hist,  l^r 
XXI,  p.  358. 
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2.  Ecuiem  coasts  of  the  North  Atlantic.  James  Geikie  points  out  that 
neither  the  Faeroe,  the  Shetland,  nor  the  Orkney  islands  show  any  trace  of 
a  displacement  of  the  strand  within  the  existing  period;  in  the  Faeroe 
islands  caves  occur  which  have  been  hollowed  out  in  the  basalt  cliffii  by 
the  breakers,  but  they  all  lie  at  the  level  of  the  existing  strand  and  are  not 
found  at  greater  heights  K 

Nevertheless,  on  the  coasts  of  western  Europe  indications  of  a  change  of 
level  are  not  wanting,  but  by  far  the  greater  part  relate  to  submerged 
forests  and  peat  bogs.  I  will  only  mention  the  much-discussed  case  of  the 
coast  of  France. 

The  existence  at  the  mouth  of  the  Garonne  of  a  continuous  subsidence 
of  the  soil,  proceeding  with  considerable  rapidity,  has  been  regarded  as 
a  definitely  established  fact.  The  following  have  been  alleged  as  proofs : 
the  submergence  beneath  the  tide  of  large  areas  which  had  previously 
remained  uncovered ;  the  discovery  of  prehistoric  sites  beneath  the  level  of 
high  tide ;  finally,  the  progressive  diminution  of  the  island  of  Cordouan 
which  lies  to  the  west  outside  the  mouth  of  the  river,  and  the  subsidence  of 
this  island  together  with  the  lighthouse  which  stands  upon  it.  A  critical 
study  by  Artigue  shows  that  all  these  indications  are  deceptive.  The  tide 
at  present  covers  a  larger  surface  in  the  region  of  the  estuary^  because  with 
the  progress  of  deposition  the  depth  of  the  river  has  diminished ;  and  at 
the  same  time,  owing  to  erosion,  the  opening  by  which  the  tide  enters  the 
estuary  has  been  enlarged  from  4*7  to  6*3  kilometers  since  1785.  Through 
this  widened  entrance  a  larger  quantity  of  water  passes  at  high  tide,  and  in 
consequence  a  larger  surface  is  submerged.  The  prehistoric  settlements  are 
certainly  below  high-tide  level  and  are  daily  covered  by  the  sea,  but  they 
lie  on  the  outer  border  of  the  dunes.  The  land  within  the  dunes  lies  equally 
low  and  shows  similar  traces  of  prehistoric  occupation ;  here  they  are  pro- 
tected by  the  dune.  The  settlements  outside  the  dune  are  therefore  only 
an  indication  of  the  advance  of  the  dune,  while  the  leud  of  the  TnairUand 
has  renvainsd  unchanged.  The  island  of  Cordouan  has  not  sunk,  otherwise 
the  range  of  its  light  would  have  diminished,  and  this  is  not  the  case ;  its 
decrease  in  size  is  the  result  of  marine  erosion  ^. 

Passing  from  this  example  of  a  displacement  supposed  to  be  still  pro- 
gressing, let  us  again  turn  our  attention  to  indications  dating  from  an 
earlier  period. 

In  IceUmd,  particularly  in  the  south-west  part  of  the  island,  a  shell-bear- 
ing day  occurs,  and  in  one  place  near  Reykjavik,  tuff*,  which  also  contains 

1  J.  Geikie,  On  the  Geology  of  the  FaerOe  Islands ;  Trans.  Roy.  Soc.  Edinbuigh,  1880- 
1881,  XXXa,  p.  263. 

*  H.  Artigae,  £tade  tor  Testaaire  de  la  Gkm)nne  at  la  partie  da  littoml  oomprise  enire 
la  Pointe  de  la  Conbre  at  la  Pointe  de  la  N^gada ;  Actet  Soc.  Linn.  Bordeaox,  1877, 
4«  s^r.,  I,  pp.  287-807,  pL 

■OLLO  n  II 


482  STRAND-LINES  OP  THE  NORTH        [pa 

marine  sheila    A  strand-line  above  them  at  a  height  of  40  meters  i 
according  to  Eeilhack,  the  sea-level  of  the  period;  the  moUnacan 
resembles  that  of  Spitzbergen ;  the  deposits  rest  on  lava  with  a  gla 
surface ;  they  are  correlated  with  the  Champlain  series  of  North  Ami 

Of  a  different  character  are  the  shell-bearing  beds  of  Hfisavik 
north  of  the  island  (lat  66°  W  N.),  which  alternate  with  beds  of  to 
lignite ;  they  appear  from  Gardner's  description  to  reach  somewhat  ( 
heights  than  Uiose  of  Reykjavik,  and  their  fauna  is  diflforent  (II,  [ 
Horch  and  S.  V.  Wood  believe  that  they  are  contemporaneous  with  th 
lish  Crag,  particularly  the  red  Crag ;  Qwyn  Jeffreys,  who  r^ards  ti 
more  recent,  points  out  that  several  species  occur  at  Ht!u9avik  which  be 
the  existing  fauna  of  North  America,  as  for  example,  Meaodemna  deau 
NaUca  heraa,  and  others.     This  fact  is  the  more  remarkable  sii 
existing  marine  fauna  of  Greenland  presents  a  European  rather  t 
American  character ;  possibly  it  furnishes  an  additional  indication 
age  of  the  Gulf  stream  K 

The  marine  deposits  of  Norway  are  known  in  greatest  detail 
Christiania  fjord ;  the  descriptions  of  Sars,  Ejerulf ,  and  others  fui 
with  the  following  facts. 

Two  different  marine  deposits  occur;  the  strand  of  the  older 
was  situated  at  a  height  of  about  600  to  620  feet  (188  to  194 
and  that  of  the  younger  at  a  height  of  about  240  feet  (75  meters). 

The  older  fauna  presents  an  Arctic  character  and  is  therefore  g 
described  as  glacial,  although  the  deposits  are  more  recent  than  i 
ice  sheet    Mya  truncatay  Saodcava  rugoaa,  BiLccinwm  groenla*, 
Leda  (Toldia)  arctica,  the  last  three  with  very  thick  shells,  are  an 
most  characteristic  species.    In  the  fjord  itself  near  Droback  great  qi 
of  dead  specimens  of  Oculina  prclifera  occur  between  —80  or  —70 
and  —  8  or  —  7  fathoms,  although  at  the  present  day  this  species  does 
above  —100  fathoms,  and  extends  down  to  —300  fathoms.     On  t 
island  of  Barholmen  the  clay  vrith  fragments  of  this  coral  reaches 
of  +  30  feet.     These  are  the  deposits  of  the  lower  zones  belongii] 
time  of  the  older  fauna ;  the  negative  movement  has  produced  a  dii 
in  the  depth  at  which  they  occur,  or  has  even  left  them  expose 
the  strand-line.     The  older  deposits  also  contain  the  'marleker,' 
nodules  of  marl,  which,  as  Sars  has  pointed  out,  contain  an  Arctic  n 
fauna,  and  in  which  CoUett  has  discovered  the  remains  of  a  large 
of  Arctic  and  North  Atlantic  fishes,  such  as  Oadvs  morrhua, 
viUoeuSy  Clupea  harengtia,  and  others.     These  marleker  appar 

^  H.  Keilhack,  Ueber  poBtglaciale  Meeresablageningen  in  Island ;  Zeitsch; 
geol.  Ges.,  1884,  XXXVI,  pp.  145-160. 

'  J.  Gwyn  Jeffreys  in  J.  St.  Gardnei^  The  Tertiary  Basaltic  Formation  u 
Quart.  Joom.  Geol.  Soc.,  1885,  XLI,  table  to  p.  96. 
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semble  in  every  particular  the  nodules  containing  fish  found  in  the  Leda 
day  of  Canada,  which  in  other  respects  also  presents  the  greatest  similarity 
with  the  deposits  occurring  in  Norway. 

The  more  recent  fauna  is  distinguished  by  the  waning  of  Arctic 
characters ;  Leda  arctica  and  Siphanodentalium  vitreum  have  disappeared ; 
Pecten  ialandicus  is  rarer,  the  shells  of  Mya  trvmcata  and  Saxicava 
mgosa  have  become  thinner,  and  the  place  of  Buccinv/m,  groerUandicv/m, 
is  taken  by  B,  undatum.  Correspondingly  such  species  as  Cardium  edule, 
LUtorina  littorea,  and  Mytilua  edvZia  now  begin  to  preponderate.  Two 
immigrants  from  the  Mediterranean  even  make  their  appearance.  Tapes 
decu8»ata  and  Pholas  Candida,  both  inhabitants  of  shallow  water,  which 
have  not  succeeded  in  maintaining  an  existence  in  Norway,  and  are  now 
foreign  to  its  seas  ^. 

Even  as  far  as  Trondhjem  shell-beds  with  Arctic  moUusca  attain 
a  height  of  380  feet  (119  meters;  II,  p.  350);  but  further  north  all  traces 
of  marine  moUusca  at  high  levels  have  disappeared ;  as  already  observed, 
I  have  not  seen  them  in  Troms5  stift,  and  Pettersen  regards  certain  shell- 
bearing  deposits,  which  here  reach  a  height  of  58  meters,  as  possibly 
interglacial  (II,  p.  854).  On  the  other  hand,  the  more  recent  stage  lying 
at  a  lower  level  is  clearly  visible  at  several  places  on  the  shore  up  to  and 
beyond  lat.  70"  N. 

Many  circumstances  tend  to  confirm  the  view  held  by  Pettersen  and 
others,  that  the  absence  of  the  higher  and  older  horizons  is  to  be  ascribed 
solely  to  the  more  prolonged  glaciation  of  the  north.  Much  caution  is 
therefore  necessary  in  all  deductions  which  relate  to  the  former  presence 
of  the  sea  over  a  part  of  Norway,  first,  because  many  of  the  h^h-level 
strand-marks  have  not  been  produced  by  the  sea,  but  by  glacial  lakes; 
secondly,  because  observations  in  Greenland  have  shown  that  marine 
mollusca  are  absent  in  the  vicinity  of  a  glacier  owing  to  the  great  quantity 
of  fresh  water  it  discharges;  thirdly,  because  marine  deposits  could  only 
be  permanently  formed  when  the  slopes  were  free  from  ice,  or  so  long  as 
an  interglacial  episode  existed. 

Otto  Torell,  in  his  masterly  classification  of  the  more  recent  formations 
in  Sweden,  published  in  1876,  has  also  distinguished  two  marine  deposits 
of  very  different  age.  The  older  of  these  consists  of  sand  and  clay  with 
Leda  (Toldia)  arctica;  it  is  more  recent  than  the  great  glaciation,  and 
includes  the  shell-beds  of  Uddevallo,  in  which  the  Arctic  characters  are 
not  so  striking.    It  was  not  until  later,  after  the  formation  of  the  terraces, 

^  M.  San,  Cm  de  i  Noige  forekommende  fossile  Dyrelevninger  fra  Quart&rperiod, 
Uniyernt.  Programm  for  I.  Halvaar,  1864, 4to,  Christiania,  1865 ;  Kjeralf,  Die  Oeologie  det 
•adlichen  imd  mittleren  Norwegen,  pp.  1-7 ;  R.  CoUett,  De  i  Norge  hidtil  fandne  foisile 
Fiake  fra  de  gladale  og  postglaciale  Afleyringer,  Nyt  Mag.  Naturrid.,  1877,  XXIII, 
8.  Hftfte,  p.  12. 
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aooording  to  Torell,  that  the  second  marine  deposit  was  formed;  this  is 
assigned  to  the  recent  period  and  contains  Mytilus,  Tellina,  and  the 
existing  fauna  of  the  Baltic  sea ;  it  is  the  post-glacial  stage  of  Norwegian 
geologists^.  Even  as  far  north  as  south  Angerman  land,  Gumaelius  mentions 
Mytilue  edvlis  and  TMma  haUica  at  a  height  of  250  feet  {J7  meters) ;  but 
in  Finland  Jemstrom  did  not  succeed  in  finding  the  shell-bearing  beds  at 
a  greater  height  than  60  feet ;  in  Oesel,  Franz  Schmidt  records  them  as 
occurring  at  between  80  and  60  feet  above  the  sea,  with  a  coastal  wall 
in  the  gulf  of  Finland  at  a  height  of  100  feet  (31-8  meters);  and  tins 
trustworthy  observer  adds  that  they  do  not  extend  into  the  region  of 
lakes  Ladoga  and  Onega,  although  Arctic  shell-beds  were  encountered 
by  Murchison  at  Ust-Waga  on  the  Dwina  near  the  confluence  of  the 
Waga^. 

More  to  the  south  also,  in  Germany,  these  marine  deposits  attain  but 
an  inconsiderable  height ;  Jentzsch  has  found  Leda  arcti^ca  in  the  Frische 
Haff  in  west  Prussia,  and  has  described  marine  beds  near  Marienwerder: 
Berendt  mentions  a  bed  near  Collberg  containing  Cyprina  isUzndica  and 
North  sea  mollusca;  in  Schleswig-Holstein  a  marl  occurs  with  Cyprma 
idandica  in  addition  to  Mytilus  and  Tellina.  Nowhere,  however,  judging 
from  the  observations  so  far  made,  do  these  marine  beds  extend  very  far 
from  the  coast  into  the  interior  \ 

OrecU  Britain  has  furnished  a  large  number  of  observations  relating 
to  similar  beds ;  I  will  confine  myself  to  the  comprehensive  account  given 
by  Archibald  Oeikie.  According  to  this  observer  Arctic  marine  mollusca 
are  known  in  Scotland  up  to  a  height  of  524  feet  (161  meters);  other 
shell-beds  with  a  more  or  less  pronounced  Arctic  character  occur  in  many 
places  at  a  less  elevation,  as  on  the  Clyde  for  example,  where  the  strand 
is  supposed  to  have  stood  at  a  height  of  100  feet  (30*5  meters).  Further 
south  patches  of  shell-bearing  sand  have  been  found  in  a  few  localities  at 
much  more  considerable  heights,  e.g.  near  Macclesfield  in  Cheshire  at 
1,200  feet  (365  meters),  and  on  the  summit  of  Moel  Tryfaen  at  1,350  feet 
(411  meters;   according  to  Ramsay  about  1,170  feet  =357  meters).     The 

^  O.  Torell,  Sur  lea  traces  les  plus  anciennes  de  Tezistence  de  lliomme  en  Snede: 
Compte-rendn  du  Congr^s  archil,  de  Stockhobn,  8vo,  1876,  pp.  2-4. 

'  O.  Gumaelias,  Snftckbankar  i  Angermanland,  (}eol.  FOren.  Stockh.  Foih.,  1874, 
I,  p.  233;  JernstrOm,  Om  Fiiilaiid*8  postglaciale  Skalgrusb&ddar,  op.  cit.,  1876,  III. 
pp.  133-140 ;  F.  Schmidt,  Einige  Mittheilongen  fiber  die  gegenw&rtige  KenntnisB  der 
glacialen  and  postglacialen  Bildongen,  etc.,  Zeitschr.  deutsch.  geol.  G«8.,  1884, 
XXXVI,  pp.  248-273. 

'  e.g.  A.  Jentzsch,  Die  Lagerung  der  dilnvialen  Nordseefauna  bei  Marienwerder. 
Jahrb.  k.  preuss.  geol.  Landeeanst.,  1881,  Berlin,  1882,  pp.  546-570 ;  Berendt,  Zeitschr. 
deutach.  geol.  Ges.,  1884,  XVI,  p.  188 ;  Jentzsch,  op.  cit.,  1887,  XXXIX,  p.  492  et  passiin. 
Dames,  Die  Glacialbildangen  der  norddentschen  Tiefebene,  SammL  gemeinverst.  wiss. 
Vortr&ge,  1886,  Heft  479,  contains  a  list  of  more  recent  works  on  this  subject 
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latter  locality  has  been  described  by  Ramsay ;  the  shelly  sand  lies  partly 
concealed  beneath  a  moraine.  Qeikie  does  not  believe  that  the  sea  actoally 
reached  these  heights ;  he  considers  that  the  sands  were  carried  upwards 
by  the  ice.  The  whole  of  the  'Bridlington  Crag'  in  Yorkshire,  which 
contains  Arctic  moUusca,  is  said  to  be  merely  an  erratic  included  in  the 
boulder  clay.  In  addition  to  these  isolated  patches  at  great  heights,  shell- 
beds  also  occur  in  England  at  lower  levels,  down  to  the  numerous  '  raised 
beaches '  which  border  the  existing  coasts  ^. 

The  remarkable  conditions  under  which  these  beds  sometimes  occur 
have  already  been  mentioned  in  treating  of  the  coast  of  Sangatte  near 
Calais  (11,  p.  416). 

If  we  disregard  the  high-lying  patches  in  Cheshire  and  Wales,  admitted 
to  be  open  to  question,  we  shall  find  that  Arctic  moUusca  occur  in  Scotland 
and  in  the  Christiania  fjord  at  closely  corresponding  levela  In  Scotland 
they  extend  in  fact  to  a  height  of  161  meters,  and  in  Norway  to  520 
Norwegian  feet  (168  meters);  a  sea-level  of  188  to  194  meters  is  deduced 
from  the  latter  by  considerations  based  on  the  depth  at  which  similar 
moUusca  live  at  the  present  day.  But  it  does  not  appear  as  though  the 
level  descends  in  the  direction  of  the  Baltic  provinces.  The  beds  of 
Finland  and  the  Baltic  provinces  no  longer  present  the  strictly  Arctic 
characters  of  the  higher  levels,  but  resemble  the  lower  stages  of  Scan- 
dinavia, i.  e.  those  containing  the  existing  fauna,  or  in  other  words,  it  is 
not  that  the  height  of  the  deposits  decreases  towards  the  east,  but  the 
older  and  higher  beds  disappear,  while  the  lower  are  continued  at  a  more 
or  less  constant  level.  How  far  the  Arctic  marine  deposits  lying  at  a  great 
height  have  been  subsequently  destroyed,  or  to  what  extent  deposition  has 
been  prevented  by  a  long-continued  glaciation  of  the  country,  must  be 
left  to  further  investigation.  In  any  case  there  is  no  doubt  that  the 
lower-lying  and  more  recent  beds  may  be  recognized  on  the  coasts  of 
Britain,  as  well  as  on  those  of  Belgium  and  France.  They  indicate  a 
widely  extended  strand  at  this  level  at  a  time  much  more  recent  than  the 
glacial  epoch.  Even  when  the  sea-level  stood  at  75  meters  the  Christiania 
fjord  harboured,  as  we  have  seen,  at  least  two  Mediterranean  immigrants, 
a  fact  suggestive  of  a  climate  milder  than  that  of  the  present  day,  and 
to  this  period  we  must  refer  the  light-coloured  shelly  sands  of  Bod5 
and  Tromso. 

The  question  as  to  whether  the  height  of  these  post-glacial  marine 
deposits  decreases  towards  the  south  is  thus,  like  so  many  other  questions,  not 
so  easily  answered  in  Europe  as  in  the  United  States.  Nevertheless  I  believe 
that  this  decrease  also  occurred  in  Europe.    In  the  high  latitudes  north  of 

>  A.  Geikie,  Textbook  of  Geology,  2nd  ed.,  8to,  London,  1885,  pp.  897-904 ;  A  C.  Ramsay, 
The  Physical  Geology  and  Geography  of  Great  Britain,  5th  ed.,  1878,  p.  418.  Arctic 
shells  are  also  said  to  occur  on  the  Wicklow  hills  in  Ireluid  at  a  height  of  1,800  feet. 
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Europe  traces  of  the  sea  are  found  at  considerable  heights,  as  will  be  st 
directly.  In  south  Norway  and  in  Scotland,  beds  with  Arctic  shells  I 
a  height  of  168  and  161  meters.  More  recent  deposits,  however,  in  ^ 
the  Arctic  character  is  lees  distinctly  marked,  possess  a  much  wider  di 
bution. 

It  must  not  be  forgotten  that  the  appearance  of  northern  immigrai 
the  Mediterranean  probably  marks  the  period  of  severest  cold.    This  p( 
however,  is  considerably  anterior  to  the  Leda  clays  and  the  equivaleo 
the  Champlain  beds ;  and  these,  although  they  contain  Arctic  moUuscc 
certainly  much  more  recent  in  Norway  than  the  period  of  maxi 
glaciation.    For  this  reason  their  chronological  equivalents  in  the  sheU 
of  the  Mediterranean  probably  lie  at  a  lower  level  than  the  horizon  in  i 
most  of  the  northern  immigrants  occur.    It  is  also  very  probable  it 
the  time  of  their  deposition  a  larger  area  was  covered  with  inland 
the  Arctic  region  than  at  the  present  day,  and  that  consequently  the 
lying  shell-beds  of  this  region  are  more  recent  than  the  Leda  clays  of  No 

But  let  us  leave  these  conjectures  and  again  turn  to  the  north. 

8.  The  Twrth  of  Eurasia  and  the  west  coast  of  the  north  Pacific  ( 
The  terraces  of  Arctic  America  and  of  Greenland  are  repeated  in  Spitzb 
A  remarkable  fact  may  be  mentioned  here.  Nordenskiold  and  D: 
observed  the  shells  of  Mytilus  edvZis  on  this  island  in  great  quant 
a  trifling  height  above  the  strand ;  they  had  preserved  their  colour  an< 
ment.  This  species,  according  to  existing  accounts,  does  not  appear  1 
at  present  in  such  high  latitudes.  The  remains  are  evidently  quite  : 
and  the  suggestion  offered  by  some  investigators,  that  they  Aov 
during  the  warmer  climate  of  an  interglaeial  period,  which  affect< 
extreme  north,  does  not  suffice  to  explain  them  ^. 

The  Austria  soimd,  Franz  JosepVs  land,  is  surroimded  by  shell-b 
detritus  in  terraces  which,  according  to  J.  Payer's  expression,  loc 
hypsometric  curves  *. 

Middendorff  has  encoimtered  similar  terracing  up  to  a  height  of  2 
and  over  on  Wadso  in  the  Varanger  fjord,  on  the  peninsula  of  Rib 
and  the  island  of  Kildin  on  the  Murnian  coast.  Although  no  marine 
are  mentioned  from  these  localities,  yet  the  existence  of  a  transgree 
scarcely  open  to  doubt,  since  Murchison,  as  we  have  mentioned  above 
shell-bearing  beds  near  the  confluence  of  the  Waga  with  the  Dwir 
Ust-Waga;  the  sea  has  certainly  covered  the  lower  part  of  the  e 
valley  of  the  Dwina  since  the  glacial  epoch  ^. 

^  O.  Heer,  Die  Miocene-Flora  and  Fauna  Spitzbergens,  mit  einem  Anhang  i 

diluvialen  Ablagerungen  Spitzbergens ;  E.  svenska  Yet.-Akad.  Handl.,  1870,  VII 

p.  80  et  seq. 

'  J.  Payer,  Die  Osterreicliisch-ungarische  Nordpol-Expedition,  8vo,  1876,  p.  27 

'  A.  von  Middendorff,  An^kiew,  eine  Insel  im  Eismeere,  in  der  Gegend  vo 

Bull.  Acad.  Imp.  Sci.  St-P^tersb.,  1860,  II,  pp.  153-158.     It  b  probable  f 
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In  Nova  ZeTnbla,  Wilczek  and  Hof  er  observed  terraced  land  with  marine 
shells  up  to  a  height  of  800  feet  (95  meterB)^  and  Nordenskiold  found,  in 
addition  to  marine  shells  which  had  been  carried  by  birds^  subf  ossil  mollusca, 
particularly  an  Area,  in  the  bay  of  Rogatscheff,  five  kilometers  from  the 
existing  shore  at  a  height  of  100  feet.  While  the  negative  movement  is 
revealed  in  this  manner  on  the  great  double  island,  the  deposits  containing 
moUusca  of  the  glacial  sea  enter  the  lower  part  of  the  Petchora  region,  as 
we  learn  from  the  observations  of  Keyserling  which  have  been  confirmed 
by  Earpinsky;  they  appear  on  the  lower  Ob,  and  the  investigations  of 
F.  Schmidt,  Lopatin,  and  Nordenskiold  show  that  on  the  lower  Yenisei  also 
and  to  beyond  Dudino  (lat.  69"  20^  N.,  about)  the  same  marine  deposits 
occur.  They  form  the  subsoil  of  the  timdra,  and  Middendorff  traced  the 
marine  shells,  particularly  Mya  truncata,  above  the  river  Taimyr  up  to 
a  height  of  200  feet  \ 

In  Tavmyr  lavdy  however,  in  addition  to  the  shell-bearing  beds,  we  also 
see  great  quantities  of  tree-trunks  arranged  at  definite  intervals  in  long 
horizontal  rows.  These  are  the  so-called  Noah-wood.  '  A  closer  examina- 
tion,' says  Middendorff,  *  would  probably  show,  even  at  the  present  day,  that 
the  Noah- wood  is  not  distributed  irregularly  over  the  tundra,  but  lies  in 
regular  strand-lines  which  descend  in  approximate  parallelism  one  behind 
the  other  to  the  sea,  each  single  strand-line  preserving  for  the  whole  of  its 
course  a  fairly  uniform  height  above  the  surface  of  the  sea.'  At  the  mouths 
of  the  Xena  and  the  Kolyma  and  in  many  other  districts  of  these  Siberian 
coasts,  the  Noah- wood  is  mentioned  at  various  heights  above  the  sea.  The 
question  as  to  the  origin  of  these  beds  of  wood,  however,  is  by  no  means 
solved ;  Bunge  and  Toll  have  shown  that  the  *  wood  mountains '  of  the  New 
Siberian  islands  belong  to  those  plant-bearing  Tertiary  beds  which  present 
so  astonishing  an  extension  in  high  latitudes  ^. 

description  that  Asar  exist  on  Rybatsch^  ;  Murchison,  Verneoil,  and  Keyserling,  Rossia 
and  the  Ural  Mountains,  4to,  1845,  I,  pp.  327-382. 

^  H.  HOfer,  Graf  Wilczek's  Noidpolfahrt  im  Jahre  1872,  Peterm.  Mitth.,  1874,  p.  302 ; 
Wissenschaftliche  Resultate  der  zur  Aufisachang  eines  angektlndigten  Mammnth 
Cadavers  von  der  K.  Akademie  an  den  unteren  Jenissei  ausgesandten  Expedition,  M^m. 
Acad.  Imp.  Sci.  St-P^tersb.,  1872,  XVIII,  No.  I,  pp.  17  and  48 ;  A.  £.  Nordenskiold, 
RedogOrelse  for  en  Expedition  till  Mynningen  af  Jenisseij  och  Sibirien,  Bihang  k.  svenska 
Vet.-Akad.  Handl.,  1877,  IV,  No.  4,  p.  69  et  seq. ;  A.  T.  von  MiddendorfiPs  Reise  in  den 
aussersten  Norden  und  Osten  Sibiriens,  I,  p.  206 ;  IV,  p.  261  et  seq.  Seebohm  mentions 
marine  shells,  *  perhaps  *  even  500  feet  above  the  Yenisei ;  Proc.  Geogr.  Soc.  London, 
1878,  XXII,  p.  112. 

*  Bnnge,  Account  in  Peterm.  Mitth.,  1887,  XXXIII,  p.  255.  Lindeman,  for  instance, 
states  that  between  the  Lena  and  Bering  strait  traces  of  weathered  driftwood  occur  in 
some  places  fifty  versts  from  the  sea,  '  whither  the  waves  have  long  been  unable  to 
penetrate';  Peterm.  Mitth.,  1879,  XXV,  p.  172.  Similar  distances  on  the  tundra  are 
given  by  Wrangel  in  his  Reise  l&ngs  der  Nordkttste  von  Sibirien  und  auf  dem  Eismeere 
in  den  Jahren  1820-1824,  8vo,  Berlin,  1889,  p.  256. 
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From  the  aoooonts  describing  the  oeearrenoe  of  marine  deposits  on 
lower  course  of  the  Lena,  the  Indigyrka,  and  the  Kolyma,  it  appears  U 
beyond  dispute  that  the  lower  course  of  all  the  great  Siberian  rivers 
covered  by  the  sea  to  a  greater  or  less  extent,  and  that  at  a  time  n 
recent  than  the  glacial  epoch. 

Recent  shell-beds,  such  as  are  known  on  the  Aleutian  islands,  are  a] 
rently  not  absent  in  Kamchathcu  On  the  slopes  of  the  Kurile  isk 
terraces  are  known ;  in  particular  near  Furubets  in  Iturup,  the  larges 
the  Euriles  (lat.  44''  80"  N.  to  45"*  80"  N.,  about),  where  Mikie  desci 
two  stages,  one  at  a  height  of  400  to  500  feet,  the  other  at  130  feet.  I 
where  in  the  Kuriles  only  the  second  of  these  has  been  observed.  In 
neighbouring  locality  of  Nemoro  in  the  island  of  Yezo  the  same  obse 
mentions  a  stage  at  a  height  of  thirty  to  forty  feet  ^. 

Li  this  region  the  terracing  of  the  shores  generally  appears  to  be 
striking.    Pumpelly  mentions  recent  marine  terraces  as  occurring  at  vai 
places  from  Yezo  on  the  coast  of  Japan,  to  as  far  as  Kiu-siu  and 
border  of  the  great  deltaic  plain  of  China  near  Tshi-fu ;  these  stagei 
especially  well  marked  in  the  south  of  Yezo,  and  they  also  occur 
Yokohama.    Volcano  bay  and  the  north  coast  of  Tshugar  strait  are 
rounded  by  terraces,  according  to  Bickmore.    North-east  of  Sendai  in  th< 
of  Eemana-eura,  Rein  observed  on  a  limestone  cliff  a  horizontal  band  aJ 
a  meter  in  breadth,  perforated  all  over  with  holes  in  which  hundre 
shells  of  boring  molluscs  may  still  be  seen;  from  this  he  inferred 
a  recent  elevation  of  the  land  had  taken  place  to  the  extent  of  nearh 
meters.    Naumann  has  collected  many  facts  bearing  on  this  subject,  c 
in  the  neighbourhood  of  Tokio  and  the  Japanese  archipelago  in  genera 
these  also  indicate  displacement  in  the  negative  direction  \ 

Further  south,  indications  of  negative  movement  do  not  absoluteb 
appear,  but  they  become  less  and  less  marked  \ 

^  J.  Milne,  The  Volcanoes  of  Japan;  Trans.  Seis.  Soc.  Japan,  Yokohama,  18^ 
pt  II,  pp.  151,  164. 

'  R.  Pumpelly,  Geological  Researches  in  China,  &c.,  Smiths.  Contiib.  to  Eno^ 
1866,  in  particular  p.  108 ;  Godfrey,  Geology  of  Japan,  Quart.  Joum.  Geol.  Soc 
XXXIV,  p.  544;  A.  Bickmore,  Some  more  recent  Changes  in  China  and  Japai 
Joum.  Sci.,  1868,  2nd  Ser.,  XLV,  p.  217  (at  Tshi-fu,  according  to  Bickmore,  only 
'  sand-spit  *  with  two  older  strand-lines  a  few  feet  above  the  sea) ;  J.  J.  Rein,  Natui 
Bchafbliche  Reisestudien  in  Japan,  Mitth.  deutsch.  Ges.  Natur-  und  VOlkerkunde  Os* 
1875,  7.  Heft,  p.  29 ;  E.  Naumann,  Ebene  von  Yedo,  Peterm.  Mitth.,  1879,  XXV, 
G.  Davidson,  Abrasions  of  the  Coast  of  Japan,  Proc.  Calif.  Acad.  Sci.,  1875,  VI 
this  author  mentions  a  terrace  at  a  height  of  about  100  feet  on  the  island 
(lat.  32'*  25'  N.). 

'  It  was  the  mode  of  formation  of  the  great  plain  which  in  1874  led  F.  von  Ricl 
to  the  conclusion  that  from  the  north  down  to  the  Tshu-san  islands  negative  move 
taking  place ;  in  the  south,  on  the  other  hand,  positive  movement ;  Zeitschr.  d 
geol.  Ges.,  1874,  XXVI,  pp.  957-960. 
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4.  The  eastern  coasts  of  the  North  Pacific  Ocean.  When  Eoizebue  was 
detained  on  the  west  coast  of  America  (in  lat.  66''  15^  N.)  by  a  violent 
storm  on  Augost  8, 1816,  his  companions  Escholtz  and  Chamisso  found  that 
the  hills  near  the  shore  consisted  of  ice  covered  by  only  a  thin  layer  of  earth ; 
that  this  was  ancient  ice  was  shown  by  the  number  of  mammoth  remains 
revealed  by  summer  thaws.  This  fossil  ice  possesses  so  great  an  extension 
that  Chamisso  did  not  hesitate  to  describe  it  as  a  geological  formation  ^. 
Eotzebue  called  the  place  Escholtz  bay;  the  fact  has  been  subsequently 
confirmed  by  Beechey,  Seemann,  and  other  explorers;  I  follow  here  the 
latest  description  by  Dall. 

Extremely  ancient  ice,  assuming  the  characters  of  an  independent  rock, 
extends  with  interruptions  northwards  to  point  Barrow,  eajstwards  to  Return 
reef  (where  the  ice-bed  begins  about  six  feet  above  the  sea),  southwards  to 
Icy  cape,  and  in  isolated  patches  as  far  as  Eotzebue  bay.  It  is  not  frozen 
ground  but  actual  ice,  not  bluish-green  like  glacier  ice,  but  dirty,  often  of 
a  stratified  appearance  and  sometimes  yellowish,  like  frozen  bog-water. 
Dall  has  examined  it  most  closely  at  Elephant  point  near  Chamisso  island. 
Here  it  is  accompanied  by  thin  clayey  beds  with  Sphagnum,  shells  of 
Pisidium  and  Valvata ;  in  some  spots  very  evil-smelling  patches  occur  in 
the  clay  as  though  from  putrefaction,  precisely  as  in  the  neighbourhood  of 
the  mammoth  and  rhinoceros  remains  on  the  Siberian  rivers;  numerous 
bones  of  mammoths  and  ruminants  are  also  found  in  this  locality.  We  have 
here  indeed  a  ridge  of  solid  ice  rising  several  hundred  feet  above  the 
adjacent  sea;  it  is  higher  than  all  the  surrounding  land  and  dates  from 
a  period  older  than  the  mammoth.  The  surface  of  the  ice  ascends  in  steps. 
The  first  cliff  or  ice-wall  is  about  thirty  feet  high,  counting  in  a  superficial 
layer  of  earth  two  or  three  feet  in  thickness,  which  forms  the  summit; 
further  inland  rises  a  second  ice- wall ;  Dall  was  able  to  trace  it  for  a  distance 
of  four  kilometers,  and  estimated  the  height  of  the  summit  above  the  sea  at 
eighty  feet  From  here  onwards  the  ridge  gradually  increases  in  height 
and  assumes  a  rounded  form;  it  consists  entirely  of  ice  and  is  nowhere 
bounded  by  higher  ground.  From  the  character  of  the  beds  containing 
Sphagnum,  Dall  concluded  that  the  ice  mass  is  not  subject  to  any  glacier- 
like movement.  The  overlying  layer  of  clay  attains  a  thickness  of  forty 
feet,  contains  bones  of  elephants,  horses  and  buffiftlos,  but  only  occurs  up 
to  a  certain  height,  and  apparently  does  not  reach  the  summit  of  the  ice 
mountain  '. 

'  0.  Ton  Kotsebue,  EntdeckungsreiBe  in  die  Sadsee  and  nach  der  Beringstraase,  4to, 
1821, 1,  p.  146,  III,  p.  170. 

*  W.  H.  Dall,  Notes  on  Alaska  and  the  vicinity  of  Bering  Strait,  Am.  Joam.Sci.,  1881, 
XXI,  pp.  104-111;  Alaska-Forschnngen  im  Sommer  1880,  Peterm.  Mitth.,  1881,  p.  46; 
A.  Penck,  Die  Eismassen  der  £scholts-Bai,  Deutsche  geogr.  Bl&tt,  Bremen,  1881, 
IV,  pp.  174-189. 
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Similar  masses  of  ice  have  since  been  observed  by  Bnnge  and  To] 
the  islands  of  New  Siberia. 

Middendorff  was  convinced  that  a  general  elevation,  not  only  of  Sil 
but  also  of  north-west  America  and  the  Arctic  regions  generally,  had  t 
place,  but  was  deterred  from  drawing  general  conclusions  by  Pingel's  o 
vations  on  Greenland.  This  observer  also  mentions  that  in  Norton  ec 
Sagoskin  found  masses  of  Noah- wood  on  the  summit  of  the  island  of  ! 
Michael  \ 

Dall  too  found  trunks  of  trees  in  an  advanced  stage  of  decay  arrs 
in  long  lines,  far  above  the  highest  level  of  the  tides,  over  the  ^ 
distance  between  Norton  bay  and  Kotzebue  sound;  he  regarded  the 
proof  of  an  elevation  of  the  land  which  extends  in  his  opinion  from 
ISO""  W.  through  the  whole  of  the  peninsula  of  Aliadca.  Terrace 
absent  in  the  region  of  the  Yukon  and  on  the  borders  of  the  contin( 
the  neighbourhood  of  Aliaska,  and  Dall  connects  this  circumstance  wi 
absence  of  indications  of  a  general  glaciation  in  this  region  \ 

In  addition  Dall  f oimd  barnacles,  at  a  height  of  at  least  fifteei 
attached  to  the  vesicular  basalt  of  the  island  of  Saint  Michael  men 
above,  and  Grewingk  long  ago  collected  data  showing  the  originally  1 
level  of  the  strand  in  Aliaska,  the  Aleutian  and  the  Pribyloff  \i 
When  Grewingk  wrote  (1850)  the  recent  marine  deposits,  which  f 
the  most  direct  evidence  of  these  movements,  were  assigned  to  the 
period  of  the  Tertiary  aera,  while  the  elephant-bearing  beds  visible 
many  places,  including  those  of  Kotzebue  sound,  were  regarded  as  di 
But  even  at  that  time,  as  we  have  mentioned  above,  Grewingk  pointed  < 
striking  similarity  between  the  moUusca  in  these  supposed  marine  T< 
formations,  and  those  of  Beauport  near  Quebec  on  the  St.  Lawrenc 
beds  are  in  fact  the  representatives  of  the  Champlain  stage  of  Canad 

They  have  been  found  by  Wossnessenski,  Postels,  Beechey,  and  ot 
various  localities,  as  for  instance  on  the  island  of  St.  Paul  in  the  Pi 
group  (lat.  57*  N.) ;  in  nearly  the  same  latitude  on  cape  Tonki,  in  tl 
of  Igatskoj,  the  east  side  of  the  island  of  Eadjak,  L  e.  on  the  north- 
the  peninsula  of  Aliaska ;  the  shells  lie  in  volcanic  tuff,  forming  a  lit 

^  Middendorff,  Reise  in  den  aussersten  Norden  und  Osten  Sibiriens,  II,  p.  2 
The  description  given  by  Cook  of  Denbigh  peninsula  in  Norton  sound  has  so 
been  cited  as  indicating  elevation  of  the  land,  but  it  may  also  refer  to  the  fo 
of  land  by  silting  up ;  A  Voyage  to  the  Pacific  Ocean,  1784,  II,  p.  485.  The  r 
to  a  find  made  by  Lamanon  in  Port  des  Ft-an^aia  (lat.  58°  37'  N.)  of  large  /o« 
different  from  those  living  on  the  strand  rests  on  an  error ;  Voyage  de  la  Perous 
du  monde,  publ.  par  Milet-Mureau,  4to,  1797,  II,  p.  189. 

"^  W.  H.  Dall,  Alaska  and  its  Resources,  pp.  462,  465. 

^  C.  Grewingk,  Beitrag  zur  Eenntniss  der  orographischen  und  geognc 
Beschaffenheit  der  NordwestkOste  Amerikas,  8vo,  1850  (from  the  Verh.  russ 
Ges.  St.  Petersb.,  1848>1849),  p.  249. 
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one  and  a  half  fathoms  high.  West  of  Eadjak  they  appear  on  the  east 
coast  of  Aliaska ;  but  they  seem  to  attain  their  greatest  development  near 
the  extremity  of  the  peninsula  in  Morshovsky  bay,  Moller  bay,  Pavlov  bay, 
and  on  the  island  of  Unga  (lat.  56^  to  55""  N.).  In  Morshovsky  bay 
(Walrus  bay)  in  particular  a  horizontal  bed  of  these  shells  lies  fifty  toises 
above  the  sea-level,  and  above  it  follow  horizontal  beds  of  sand  and  clay 
with  a  thickness  of  another  fifty  toises. 

In  UncUashka  they  lie  at  the  north-west  foot  of  the  volcano  Makutshkin, 
and  on  the  north  side  of  the  island  of  Atka  (about  lat.  52''  3(/  N.)  shells 
of  the  same  species  occur  thirty  feet  above  the  sea  in  beds  of  hardened  clay 
and  friable  sandstone  ^ 

For  many  centuries,  however,  no  marked  displacement  of  the  strand-line 
has  occurred  on  the  Aleutian  islands ;  this  is  proved  by  Dall's  investigations 
of  the  numerous  and  extensive  kitchen  middens  which  take  us  back  to 
a  stage  of  human  existence  far  anterior  to  that  of  the  existing  Innuit  ^ 

Towards  the  south  the  indications  of  a  higher  sea-level  become  less 
frequent,  but  are  not  altogether  absent.  At  fort  Simeon  (lat.  54°  34'  N.)  an 
ill-defined  terrace  of  loose  material  lies  on  the  coast  at  a  height  of  100  feet; 
south  of  this  point  near  Metla  Eatla  it  becomes  clearly  marked,  at  a  height 
of  ninety-five  feet  above  high  tide.  Dawson,  to  whom  we  owe  most  of  the 
observations  on  these  regions,  records  that  in  Skidegate  inlet  (lat.  bS"  !(/  N.), 
which  separates  the  two  largest  islands  of  the  Qibeen  Charlotte  group,  he 
found  sandy  clay  with  Leda,  Cardium,  and  Balanus  resting  on  glacial 
deposits. 

In  the  strait  of  Georgia  terraces  are  known  at  a  height  of  100  and  200 
feet.  Near  Nanaimo  in  Vancouver,  shell-beds  with  Saxicava  rugoaa,  Mya, 
and  Leda  rest  at  a  height  of  170  feet  on  ancient  glacial  formations.  Similar 
shell-beds  were  found  some  time  ago  near  Victoria  by  Blake,  twenty  feet 
above  high  tide  ^ 

^  Grewingk,  torn,  cit.,  in  particular  p.  274  et  seq.,  also  p.  54  et  paasim.  I  feel  some 
doubt  as  to  the  specimen  from  the  Pribyloff  islands  figured  by  Pinart  owing  to  its  state 
of  preservation;  Pinart,  Voyages  k  la  cOte  nord-ouest  de  TAm^riqae,  4to,  1875,  I, 
p.  85,  pi.  A,  ^,  7.  Lntk^  (Voyage  autour  du  monde  snr  la  corvette  la  Shniavint,  III, 
edited  by  A.  Postels,  8vo,  Paris,  1886,  p.  27)  describes  the  horizontal  beds  with  diells 
in  Alaska ;  the  palaeontological  determinations  were  made  later  according  to  Wossnes- 
senski*s  collections. 

*  Dall,  Tribes  of  the  Extreme  North-West;  Contributions  to  North  American  Ethno- 
logy, 1, 1877  (Powell,  Geogr.  and  Geol.  Survey  of  the  Rocky  Mountain  Region),  p.  41  et  seq. 

^  G.  M.  Dawson,  On  the  Superficial  Geology  of  British  Columbia,  Quart.  Joum.  Geol. 
Soc.,  1878,  XXXIV,  pp.  97,  99;  and  Additional  Observations,  op.  cit.,  XXXVII,  1881, 
p.  278.  Similar  data  in  H.  Bauermann,  On  the  Geology  of  the  South-Eastem  Part  of 
Vancouver  Island,  Quart.  Joum.  Geol.  Soc,  1860,  XVI,  p.  202;  Dawson,  Report  on  the 
Queen  Charlotte  Islands,  Geological  Survey  of  Capada,  Report  of  Progress  for  1878-1879, 
p.  110  B.  I  have  not  mentioned  the  shell-bed  at  a  height  of  fifteen  feet  (p.  114  B 
et  seq.),  because  it  recalls  kitchen  middens ;  Blake,  U.  S.  Coast  Survey  for  1867,  p.  281 ; 
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As  oompared  with  the  accounts  we  possesB  of  relict  shore-lines  ii 
regions,  those  from  these  coasts  are  scanty  enough ;  all  the  more  st 
therefore,  are  the  full  and  precise  descriptions  which  relate  to  the  t< 
so  characteristic  of  all  the  valleys  of  the  interior.  These  river  terrac 
so  sharply  defined  and  extend  to  such  great  heights  that  no  travel] 
omitted  to  mention  them.  In  Puget  sound,  terraces  are  recorded 
a  height  of  1,600  feet;  they  extend  across  the  low  watershed  ii 
Cowlitz  valley;  but  as  to  the  maximum  height  at  which  these  t 
afford  evidence  of  the  action  of  the  sea,  we  have  no  knowledge  ^. 

An  admirable  description  of  the  inland  terraces  on  the  Saskatc 
the  Athabasca,  the  Vermilion,  the  Upper  Columbia,  and  the  Fraser  ri 
been  furnished  by  Hector ;  he  recalls  the  fact  that  Logan  had  pre 
observed  terraces  up  to  a  height  of  881  feet  (100  meters)  abo' 
Superior,  and  from  this  he  concluded  that  a  submergence  had  affec 
whole  continent  up  to  a  height  of  8,000  feet  above  the  existing  sea  ' 

Dawson  observed  a  terrace  of  worn  pebbles  at  a  height  of  5,2 
(1,606  meters)  on  the  northern  slope  of  the  mountain  H-gOr^huz  wee 
Fraser  river,  and  was  disposed  to  admit  a  submergence  to  the  ex 
4,000  or  5,000  feet.  His  latest  accounts,  however,  seem  to  indicate 
is  now  inclined  to  explain  the  inland  terraces  in  connexion  with  ei 
lakes  and  fluviatile  action.  They  have  nowhere  afforded  remains  of 
shells  ^ 

These  fluviatile  terraces  belong  indeed  to  phenomena  of  anothe 
and  do  not  indicate  a  wholesale  submergence  of  the  land.  In  Euro] 
are  numerous  examples  of  river  terraces  far  removed  from  the  r€ 
which  oscillations  of  the  strand-line  occur.     River  terraces  also  o 


Topo(fraphical  and  Geological  Features  of  the  North-west  Coast  of  America,  Ai 
Sci.,  1868,  2nd  Ser.,  XLIV,  p.  243;  Grant,  Joum.  R.  Geogr.  Soc.,  1857,  XXVII,  ] 

*  J.  S.  Newberry,  Surface  Geology  of  the  Country  bordering  the  N.  Pacific  ] 
Am.  Joum.  Sci..  1885,  3rd  Ser.,  XXX,  p.  344. 

•  J.  Hector,  On  the  Geology  of  the  Country  between  Lake  Superior  and  tl 
Ocean,  Quart.  Joum.  GeoL  Soc.,  1861,  XVII,  pp.  388-445.  Hind  describes  tha 
south  Saskatchewan  ;  op.  cit.,  1864,  XX,  pp.  122-130.  A  vivid  description  of  th< 
on  the  tributaries  of  the  Fraser  was  given  by  Milton  and  Cheedle,  The  N< 
Passage  by  Land,  8vo,  3rd  ed.,  1865,  p.  338  and  pL ;  also  Begbie,  Proc.  R.  G€ 
Feb.  27,  1871.  As  early  as  1832  Capt.  Back  observed  10-11  terraces  on  the  Qi 
lake,  and  on  studying  the  outflow  of  the  lake  in  the  Great  Fish  river  he  concl 
the  water  level  had  sunk.  This  river,  like  Nelson  river  by  which  the  outflow 
Winnipeg  takes  place,  is  interrupted  by  rocky  cataracts;  Back,  An  Accoui 
Route  and  Appearances  of  the  Country  from  Great  Slave  Lake  in  the  Polar  S 
R.  Geogr.  Soc,  1836,  VI,  p.  5. 

'  G.  M.  Dawson,  Quart  Joum.  Geol.  Soc,  1878,  p.  21,  and  1881,  p.  283.  An  H 
and  numerous  measurements  referring  to  river  terraces  in  Geological  Survey  o 
Report  of  Progress  for  1875-1876,  p.  290,  and  1877-1878,  p.  168  B  et  seq. ;  an  il 
of  the  terrace  of  the  Il-ga-chuz,  op.  cit.,  1876-1877,  pi.  ii. 
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the  lower  coarse  of  the  Columbia  and  in  all  the  river  valleys  as  far 
down  as  the  Sacramento,  but  we  need  not  give  further  consideration  to 
them  here. 

The  submerged  forests  near  the  mouth  of  the  Columbia  river  are 
explained  by  Dana  as  the  result  of  local  landslips  \  Near  the  mouths  of 
the  Coquille  and  Umpqudh  rivers  and  in  Kooa  bay  (lat.  441*-4S'*  N.)  the 
coast  is  described  by  Qoodyear  as  a  table-land,  200  to  800  feet  in  height, 
with  traces  of  oscillations ;  two  valleys  are  sunk  into  this  table-land ;  they 
are  several  miles  in  length  and  the  waves  advance  up  them  far  into  the 
interior*. 

With  regard  to  the  terraces  along  the  coast  of  Galifamia,  much  uncer- 
tainty prevails.  North  of  fort  Ross  (about  lat.  S8*'-40*'  N.)  a  long  terrace 
occurs  which,  according  to  Becker,  presents  the  characters  of  an  ancient 
beach ;  borings  of  Pholas  were  observed  here,  in  one  place  at  a  height  of 
about  100  feet  (30*8  meters),  in  another  at  about  twice  that  height  \ 

In  the  bay  of  San  Francisco  and  northwards  on  the  shores  of  San  Pablo 
bay  (lat.  38*"  10^-17"  30^  N.),  traces  of  a  negative  movement  of  the  strand- 
line  are  clearly  visible.  On  the  north  shore  of  Lobos  creek,  a  little  river  which 
descends  from  Mountain  lake  to  the  sea,  Blake  observed  shells  of  existing 
species  and  pebbles  at  a  height  of  80  to  100  feet;  similar  remains  are 
known  round  San  Francisco ;  not  only  shell-beds  but  molluscan  borings  also 
occur  on  the  coast  of  the  bay  at  various  heights  above  the  sea,  but  they 
nowhere  appear  to  extend  above  100  feet  (80-8  meters)  ^. 

Eafit  of  the  town  of  Santa  Cruz,  south  California  (lat.  36^  66'  N.), 
according  to  Whitney,  two  particularly  long  and  distinct  terraces  are  visible 
at  a  height  of  64  and  263  feet  (19*5  and  80  meters) ;  the  lower  terrace 
forms  a  fairly  broad  plain  on  which  the  town  of  Santa  Cruz  is  built  The 
Santa  Maria  cation  (about  lat.  34''  N.)  is  terraced  at  its  mouth  down  to 

1  J.  D.  Dana  in  0.  Wilkes,  U.  S.  Exploring  Expedition  daring  the  years  1838  to  1842, 
1849,  X,  pp.  670,  677. 

'  W.  A.  Goodyear,  Notes  on  the  Geology  of  the  Coast  of  Oregon ;  Proc.  Cal.  Acad.  Sci., 
1872,  IV,  pp.  295-298. 

'  G.  Becker,  Notes  on  the  Stratigraphy  of  California,  BalL  U.  S.  Geol.  Surv.,  1885, 
No.  19,  pp.  15, 16.  Davidson  mentions  a  horizontal  terrace  at  a  height  of  forty  feet  at 
point  Ar«na;  Proc.  Cal.  Acad.  Sci.,  1871,  IV,  p.  179,  and  in  particular.  The  Abrasions 
of  the  Continental  Shore  of  North-west  America  and  the  supposed  ancient  Sea-levels, 
op.  cit,  1873,  V,  pp.  90-97  and  pL  y.  The  same  observer  cites  numerous  observations 
relating  to  terraces  on  the  coast  of  California  and  in  more  northerly  latitudes;  he 
believes  that  they  have  been  produced  by  a  universal  ice-mantle.  I  must  refrain  from 
making  use  of  these  data,  because,  as  the  author  himself  admits,  a  great  part  of  the 
observations  were  made  from  the  open  sea. 

*  J.  Blake,  On  the  Gradual  Elevation  of  the  Land  in  the  Environs  of  San  Frandsco, 
Proc.  OaL  Acad.  ScL,  1863,  III,  pp.  45,  46 ;  Newberry,  Report  on  North  California  and 
Oregon,  4to,  1857,  pp.  13-15 ;  Whitney,  Geology  of  California,  1865,  I,  p.  102 ;  Amos 
Bowman,  On  Coast,  Surface,  and  Scenic  Geology,  Proc.  Cal.  Acad.  Sci.,  1872,  IV,  p.  244. 
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the  sea ;  the  highest  of  the  four  steps  lies  at  a  height  of  148  feet  (45  me4 
and  Newberry  oonfirms  the  presence  of  recent  shell-beds  at  several  loca 
on  this  coast  \ 

In  the  most  northerly  part  of  the  gnlf  of  Califonua  a  number  of 
remarkable  changes  appear  to  have  oocorred.    According  to  Blake'i 
Hcription  there  can  be  little  doubt  that  this  gulf  once  extended  i 
further  into  the  land  to  the  north-west,  that  is,  in  tiie  same  directi< 
that  in  which  the  chains  of  south  Arizona,  coming  from  the  south 
meet  the  ranges  of  lower  California.     It  is  in  this  region  that  a  com 
able  part  of  the  Colorado  desert  now  lies  at  or  below  the  level  of  th 
Scanty  remains  of  a  somewhat  curious  marine  Tertiary  deposit  are  k 
on  its  western  border;  they  contain  Ostrea,  Anomia,  and  Pecten. 
whole  central  part  of  the  desert  is  now  filled  with  an  argillaceous 
water  deposit    containing   Anodonta,    Planorbis,    Physa,    Amnicola 
towards  tiie  south,  Onathodon  also.    Terraces  occur  here  and  there 
its  margin. 

The  Colorado  river  flows  above  the  level  of  the  desert,  of  wh 
forms  approximately  the  eastern  boundary,  and  from  the  neighbourb 
its  bed  the  country  slopes  gently  towards  the  bottom  of  the  desert 
Blake  has  shown  that  in  all  probability  the  finer  sediments  of  the 
accumulated  in  the  fresh-water  lake  which  once  occupied  the  site 
desert,  while  its  coarser  sediments  were  deposited  nearer  its  banks ;  1 
mere  growth  of  these  deposits  first  the  sea  became  shut  out  from  th 
and  next  the  lake  cut  off  from  the  river ;  the  lake,  desiccated  by  ev 
tion,  has  now  become  the  desert  K 

The  observations  at  my  disposal  concerning  the  southern  parts 
gulf  are  not  of  great  importance. 

Remond  mentions  shell-beds  in  the  neighbourhood  of  la  Paz 
Mazatlan,  which  occur  some  meters  above  the  sea,  and  contain  e 

'  J.  D.  Whitney,  Geology  of  California,  I,  pp.  165, 169.  Whitaiey,  quoting  Dr. 
mentions  terraces  on  the  islands  of  St.  Barbara  and  Cataline  (lat.  34'*-33°  2(K '. 
up  to  a  height  of  1,000  feet,  but  he  has  not  visited  the  localities  himself;  t 
p.  182.  The  strand-lines  of  Monterey  are  already  mentioned  by  Blake,  Re 
Explorations  and  Surveys  for  a  Railroad  from  the  Mississippi  River  to  the  Pacifi« 
V,  1856,  pp.  129,  186.  Near  San  Pedro  an  elephant*s  tooth  is  said  to  have  bee 
in  the  ancient  littoral  deposits.  Oscar  Loew  believes  that  south  California  is  i 
present  at  the  rate  of  five  feet  in  the  century;  see  Loew  in  Wheeler,  Annual  Rep« 
the  Geographical  and  Geological  Explorations  and  Surveys  West  of  the  100th  1/ 
8vo,  1876,  p.  184.  For  meteorological  reasons  he  further  concludes  that  Mexico, 
and  east  California  are  sinking,  while  Utah  and  the  Califomian  coast  are  rii 
seems  doubtful,  however,  whether  it  is  possible  to  draw  such  conclusions  f 
rainfall ;  torn,  cit.,  p.  178. 

'  Blake,  Pacific  Railroad  Reports,  Y,  pp.  228-240 ;  see  also  Newberry  in  J. 
Report  on  the  Colorado  River  of  the  West,  4to,  Washington,  1861,  Geological 
pp.  19  et  seq. 
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speciea  Unless  these  should  prove  to  be  kitchen  middens  we  here 
encounter  signs  of  negative  movement  within  the  tropic  of  Cancer  K 

Further  south  data  of  this  kind  are  wanting,  but  we  soon  meet  with 
an  indication  of  an  opposite  character.  According  to  the  observations  of 
Lieutenant  Qriswold,  published  after  his  death  by  Harper  Peajse,  Clipperton 
i\>ck  (lat  10'  17'  K,  long.  109°  19'  W.)  must  be  reganled  as  a  true  atoll. 
A  broad  and  continuous  girdle  of  coral  reef  rises  from  a  great  depth  to 
about  fifteen  feet  above  the  sea  and  encloses  a  lagoon.  On  the  south  side 
of  the  lagoon  there  rises  to  a  height  of  120  feet  a  weathered  splintery 
grey  volcanic  rock  tunnelled  with  caves  and  connected  with  the  reef  by 
a  narrow  tongue  of  coral  clinkers.  The  lagoon  is  a  tranquil  lake  of 
almost  fresh  water ;  it  measures  two  nautical  miles  in  length  and  one  in 
breadth''. 

6.  CcynclvMon,  We  have  now  passed  in  review  the  coasts  of  the 
northern  seas,  and  after  rejecting  the  deceptive  evidence  afforded  by 
kitchen  middens,  ice-dammed  fjords,  river  terraces,  and  much  else,  we 
recognize  throughout  these  regions  manifold  evidence  of  a  negative  move- 
ment of  the  strand-line.  It  is  in  high  latitudes  that  the  remains  of  sub- 
fossil  shells  attain  the  greatest  altitude,  and  towards  the  south  the  signs 
of  displacement  become  less  numerous. 

From  the  polar  regions,  proceeding  along  the  west  Atlantic  coast,  we 
have  traced  these  indications  in  the  form  of  terraces  and  as  the  post- 
glacial deposits  of  the  Champlain  beds ;  Dana  lays  stress  on  their  decrease 
in  height  toweuxis  the  south.  At  about  the  fortieth  parallel  they  are  no 
longer  of  any  importance. 

In  like  manner  we  have  traced  them  towards  the  south  along  the 
coasts  of  the  east  Atlantic,  where  they  encroach  on  the  coastal  region  of 
northern  Russia,  and  then  spread  over  the  lowlands  of  Scandinavia  into  the 
north  of  Germany.  Even  as  far  south  as  Christiania  it  is  estimated  that 
the  sea- level  still  retained  a  height  of  600  feet,  but  a  lower  horizon  which 
occurs  at  a  height  of  120  feet  contains  a  moUuscan  fauna  closely  approaching 
that  now  in  existence,  and  it  is  this  stage  which  attains  the  widest  dis- 
tribution. Owing  to  the  great  complexity  of  the  phenomena  presented 
by  the  Mediterranean  it  is  difficult  to  say  to  what  extent  this  negative 
movement  is  revealed  there.  At  the  same  time  it  must  be  borne  in  mind 
that  the  presence  of  northern  immigrants  in  the  South  probably  corre- 
sponds to  the  greatest  extension  of  the  ice,  that  in  Sweden  the  shell-beds 
with  Arctic  moUusca  are  more  recent  than  this  extension,  and  that  further 

'  Remond,  An.  Univ.  Chili,  1868,  XXXI,  p.  416. 

'  Harper  Pease,  On  the  existence  of  an  Atoll  near  the  West  Coast  of  America,  and 
Proof  of  its  Elevation ;  Proc.  Cal.  Acad.,  1866,  III,  pp.  199-201.  I  have  not  been  able 
to  onderstand  how  Pease  deduces  from  Griswold's  description  an  elevation  of  the  atoll 
to  the  extent  of  100  feet 
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north  the  Arctic  fauna  of  the  high-lying  shell-beds  still  maintaim 
existence  at  the  present  day. 

On  the  east  coast  of  Asia  we  found  terraces  occurring  at  a  mod< 
height  in  Japan,  and  following  Bichthofen  we  may  place  tiie  limit  of  y 
defined  displacements  of  the  strand  in  about  the  latitude  of  the  Tshu 
islands  (hit  80*  N.). 

More  than  fifty  years  ago  Dana  observed  that  traces  of  a  great  cb 
in  the  relative  position  of  land  and  sea  occur  on  the  west  coast  of  Am* 
as  far  down  as  the  fiftieth  or  even  forty-fifth  parallel,  and  that  to^ 
the  equator  these  traces  grow  rarer  or  altogether  disappear,  or  ind 
displacement  of  an  opposite  sign  \ 

This  conclusion  that  a  displacement  which  was  on  the  whole  negi 
has  taken  place  about  the  pole,  coincides  with  the  results  of  Howortl 
p.  20)  and  other  observers.    The  precise  nature  of  the  movements  ca 
however,  be  determined.    It  is  difficult  to  say  whether  they  were  uni 
spasmodic,  or  oscillatory;  the  last  seems  most  probable.    The  ban< 
'  Noah-wood '  indicate  some  extraordinary  disturbance  of  the  tides,  i 
was  independent  of  the  sea-level,  whatever  that  may  have  been,  and  i 
might  even  have  occurred  during  a  negative  displacement  moving 
absolutely  uniform  rate.    Even  terraces  do  not  afford  a  complete 
of  spasmodic  displacement.    Greater  importance  attaches  to  the  fact 
in  Sweden  the  lower  shell-bed  is  sharply  distinguished  from  the  upp 
its  fauna,  and  that  in  the  north  of  Norway  it  may  be  recognized  as  n 
by  its  colour  as  its  fossila    A  fact  even  still  more  striking  is  that  i 
Bermudas,  i.  e.  within  the  r^on  and  within  the  period  under  consider 
we  meet  with  signs  of  positive  movement  (11,  p.  813). 

The  first  signs  of  the  approach  of  a  cold  climate  are  furnished  I 
northern  moUusca,  which  make  their  appearance  in  the  English  ' 
i.e.  the  highest  beds  of  the  Tertiary  succession.  An  increase  i 
number  of  Arctic  immigrants  followed;  then  came  the  great  glaci 
This,  however,  was  interrupted  by  oscillations,  during  which  the  ic 
appeared,  a  fairly  temperate  climate  prevailed,  and  extensive  forest 
great  terrestrial  mammals  flourished.  The  ice  returned,  but  di 
advance  so  far  as  previously;  now  for  the  first  time  we  recognize 
some  degree  of  certainty  the  shores  of  a  sea  which  rose  around  Sc 
to  a  height  of  about  200  meters,  and  from  this  time  onwards  we 
a  clearer  insight  into  the  movement,  mainly  negative,  which  has 
the  subject  of  our  study.  The  molluscan  fauna  still  remained  . 
It  is  not  until  later,  at  a  lower  horizon,  that  a  few  southern  immi 
make  their  appearance  in  Sweden.  In  America  we  already  se 
influence  of  the  Gulf  stream.  The  fauna  of  the  shell-beds  on  the 
Yenisei  described  by  F.  Schmidt  bears  so  great  a  resemblance  to  the  e: 
1  Dana  in  Wilkes,  U.  S.  Exploring  Expedition,  &c.,  1849,  X,  pp.  670, 677. 
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Arctic  fauna  that  we  are  compelled  to  regard  them  as  identical.  From 
the  same  investigations  it  is  plainly  evident  that  the  bodies  of  mammoths 
which  are  found  in  the  tundra  were  washed  into  lakes  or  marshes  of  more 
recent  date  than  the  shell-beds,  i.  e.  that  a  considerable  part  of  the  negative 
movements  had  already  taken  place  at  a  time  when  the  mammoth  still  lived 
and  flourished.  Near  Calais  also  we  have  found  remains  of  the  mammoth 
above  the  existing  marine  moUusca  (II,  p.  416). 

Whatever  uncertainty  there  may  be  in  matters  of  detail,  the  general 
conclusion  seems  clear  that  in  all  the  northern  seas  the  strand  stood  higher 
towards  the  close  of  the  glacial  period  than  it  does  at  present;  indeed, 
that  long  after  the  ice  age  had  passed  away,  and  at  a  time  when  the 
molluscan  fauna  had  already  assumed  its  existing  character,  a  somewhat 
higher  level  of  the  strand-line  prevailed  over  the  whole  region;  the 
negative  excess  of  the  movement,  which  was  probably  oscillatory,  was 
considerable  in  the  north,  but  decreased  towards  the  south.  But  even  in 
these  seas  displacements  susceptible  of  measurement  have  not  occurred 
within  the  historic  period. 
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CHAPTER  Xni 

STRAND-LINES  OP  THE  EQUATORIAL  AND 

SOUTHERN  COASTS 

Western  coasts  of  the  Atlantic  Ocean,  central  and  Bouthem  part  Eastern  cc 
the  Atlantic  Ocean,  African  part.  Coasts  of  East  Africa  and  Arabia.  Coasts  o 
and  Further  India.  Coasts  of  the  Polynesian  islands  and  Australia.  West  c 
Soath  America. 

1.  Western  coasts  of  the  AttarUic  Ocean,  central  and  southern 
We  will  begin  at  cape  Hatteraa.  The  Champlain  deposits  of  the 
have  disappeared;  the  terraces  have  become  much  lower.  In 
Carolina  pecoliar  phosphate  beds  occur  which  lie  horizontal  and  < 
over  a  wide  area ;  they  contain  remains  not  only  of  Mastodon  and  EI 
but  also  of  the  sperm  whale,  and  probably  the  walrus,  as  well  as 
weapons  and  traces  of  domestic  animals ;  Leidy  regards  them  as  tin 
mulations  of  a  long  period  deposited  over  a  low  shore  ^. 

The  arguments  which  serve  to  disprove  any  measurable  moven 
the  present  day  in  the  Carolines,  in  Florida,  and  at  the  mouths 
Mississippi  have  already  been  stated  ;  at  the  same  time  attention  hi 
directed  to  a  shelly  breccia  which,  reaching  a  height  of  ten  to  tweb 
occurs  along  the   whole   east  coast  of   Florida,  and   is   regarded 
indication  of  a  recent  negative  movement  (II,  p.  311). 

As  early  as  1853  Lyell  drew  attention  to  the  striking  regula 
the  S-shaped  line  which  unites  the  trend  of  the  Bahamas  with 
the  Lesser  Antilles,  and  Nelson's  descriptions  have  led  us  to  suppc 
an  ancient  core  exists  within  these  islands.     Gabb  declared  that 
Bahamas,  especially  the  higher-lying  parts,  are   the   separated   h 
horizontal  fragments  of  an  originally  continuous  region.     Here  and 
Antilles  an  attempt  has  been  made  to  distinguish  as  a  separate  foi 
a  more  recent  post-Pliocene  littoral  limestone,  which  Gabb  proposes 
'Antillite';    I  confess  that  the   limit  between  the  more  recent 
deposits  and  the  Tertiary  formations  does  not  seem  to  me  to  ha^ 

*  J.  Leidy,  Description  of  Vertebrate  Remains,  chiefly  from  the  Phosphate 
South  Carolina,  Joum.  Acad.  Sci.  Philadelphia,  1877,  2nd  Ser.,  VIII,  pp.  ! 
Brylinski,  Phosphates  de  chaux  de  la  Caroline  du  Sud,  Bull.  Soc.  geol.  de  No 
1875,  II,  pp.  8-74 ;  for  a  comparison  with  the  phosphate  beds  of  the  Englis 
see  A.  J.  Jukes-Browne,  Quart.  Joura.  Geol.  Soc.,  1875,  XXXI,  pp.  256-314. 
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drawn  with  8u£Scient  sharpness  in  this  region.  The  observations  made  at 
Sombrero  seem  to  indicate  repeated  oscillation  (IE,  p.  311);  in  Antigua  we 
meet  even  with  Miocene  beds,  of  the  age  of  the  Orbitoides  limestone,  which 
project  into  the  sea  as  reefs.  The  difficulties  encountered  in  attempting 
to  distinguish  the  latest  movements  are  the  same  here  as  in  the  Mediter- 
ranean; we  must,  therefore,  confine  ourselves  to  the  statement  that  at 
present  we  do  not  possess  any  proof  of  a  sensible  change  of  level,  and 
that  the  living  coral  reefs  exclude  all  idea  of  an  existing  negative  move- 
ment ;  nevertheless,  there  are  abundant  indications  of  previous  negative 
displacements,  of  which  a  more  or  less  considerable  part  date  from  the 
Tertiary  aera  ^. 

The  coasts  of  Ouiana  are  very  unfavourable  for  observations  of  this 
kind ;  they  are  flat  and  extend  in  a  gentle  slope  beneath  the  sea,  as  at 
Georgetown,  for  example ;  sand-dunes  at  a  distance  of  several  miles  from 
the  coast-line  separate  this  flat  shore  from  the  interior^. 

On  the  north  coast  of  Brazil  the  shore  recedes  to  some  distance  beyond 
the  mouth  of  the  Paranahyba.  Da  Silva  Coutinho,  who  gives  a  vivid 
description  of  this  feature,  ascribes  it  either  to  a  subsidence  of  the  land 
or  to  an  advance  of  the  sea.  The  mighty  stream  of  the  Amazon,  despite 
its  load  of  sediment,  is  unable  to  build  up  a  delta ;  the  great  islands  at  its 
mouths,  Marajo,  Caviana,  and  Mexiana,  do  not  consist  of  recent  alluvium 
brought  down  by  the  river,  they  are  indeed  fragments  of  the  continent 
which  have  been  separated  by  the  sea.  They  are  destined  to  disappear — 
a  fate  to  which  so  many  other  vast  regions  have  succumbed.  From  the 
Pari  to  the  Maranhak)  the  destructive  advance  of  the  waves  takes  place  in 
a  network  of  canals  and  lagoons.  When  Da  Silva  Coutinho  visited  this 
region  in  1867  the  sea  already  washed  against  two  lighthouses  which  had 
been  built  about  thirty  years  before  at  a  distance  of  500  meters  inland. 
The  tide  enters  the  various  arms  and  channels  of  the  river  with  irresistible 

'  R.  J.  Nelson,  On  the  Geology  of  the  Bahamas  and  on  Coral-Formations  generally. 
Quart.  Joum.  Geol.  Soc,  1853,  IX,  pp.  200-215 ;  0.  Lyell,  tom.  cit.,  note,  p.  202 ;  W.  M. 
Oabb,  On  the  Topography  and  Geology  of  San  Domingo,  Trans.  Am.  Phil.  Soc,  New 
Ser.,  1872,  XV,  pp.  103,  111 ;  Gaussoin,  The  Island  of  Navassa,  Am.  Joum.  Nat.  Sci., 
1867,  2nd  Ser.,  XLII,  p.  439.  Anegada  rises  only  nine  meters  high,  according  to  Cleve  ; 
the  reefs  have  been  described  by  R.  H.  Schomburgk,  Remarks  on  Anegada,  Joum.  Boy. 
Geogr.  Soc.,  London,  1832,  II,  pp.  152-170.  The  recent  land  in  Guadeloupe  is  described 
by  P.  Duchassaing,  Essai  sur  la  constitution  g^ologique  de  la  partie  basse  de  la  Guade- 
loupe, dite  Grande-Terre,  Bull.  Soc.  g6ol.  de  Fr.,  1847,  2«  s^r.,  IV,  pp.  1093-1100,  and 
Observations  sur  les  formations  modemes  de  Pile  de  Guadeloupe,  op.  cit.,  1855,  2*  s^r., 
XII,  pp.  753-759 ;  Darwin,  Coral  Reefs,  p.  261 ;  Schott,  Die  Kdstenbildungen  des  nOrd- 
lichen  Tukatan,  Peterm.  Mitth.,  1866,  XII,  pp.  127-130;  Gabb,  Notes  on  Costa  Rica 
Geology,  Am.  Joum.  Nat.  Sci.,  1875,  8rd  Ser.,  IX,  p.  203.  Gabb  describes  inland  terraces 
on  the  river  Mao  east^wuth-east  of  Sabaneta,  San  Domingo ;  they  do  not  belong  to  this 
series  of  formations ;  cf.  Gabb,  loc.  cit.,  p.  63. 

'  J.  G.  Sawkins,  Observations  on  British  Guiana ;  Quart.  Joum.  Geol.  Soc,  1871,  XXVII, 
pp.  419-484. 
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force  and  takes  permanent  possession  of  the  ground.    Marine  ani 
establish  themselves  in  places  formerly  oovered  by  fresh  water,  and 
lines  of  mangroves  advance  towards  the  continent,  while  the  flora  ol 
dry  land  recedes  ^. 

Such  is  the  order  of  events  which  may  be  followed  here  beneatl 
equator ;  but  it  is  difficult  to  discover  how  much  of  this  process  mu 
really  ascribed  to  a  positive  movement  of  the  strand,  and  how  mui 
the  action  of  the  waves. 

The  island  of  St.  Paul,  far  out  in  the  Ocean,  has  furnished  no  de 
results.  At  the  edge  of  the  breakers  Wyville  Thomson  observed  i 
band  of  encrusting  nullipores  ^. 

Elast  of  the  Maranhao  lies  the  region  of  the  Brazilian  coral 
passing  cape  St.  Roque,  it  embraces  the  group  of  the  Abrolhos  and  re 
Cabo  Frio,  thus  extending  from  lat.  1*^  or  2"  to  lat  22^  or  23°  S. 
knowledge  of  this  region  is  of  recent  date,  and  is  chiefly  due  to  1 
The  species  composing  the  reefs  are  almost  all  peculiar  to  this 
There  are  many  forms  representative  of  those  of  the  West  Indies 
closely  allied  to  them,  but  a  large  number  of  characteristic  genei 
absent.    The  most  important  genera  are  Acanthastraea,  Favia,  Heliae 
Siderastraea,  Pontes.    Cabo  Frio  may  be  regarded  as  the  most  soul 
point  at  which  they  occur ;  in  the  bay  of  Rio  Janeiro,  in  spite  of 
rently  favourable  conditions,  there  are  only  one  or  two  species  of  Astr 
But  as  far  as  the  Abrolhos,  that  is  to  about  lat.  IB""  S.,  bands  of  true 
reef  are  to  be  seen  along  the  coast,  succeeding  one  another  at  irr 
intervala    They  are  generally  separated  from  the  mainland  by  a  nav 
channel  ^. 

The  observations  relating  to  movements  of  the  strand-line  oi 
Fernando  de  Noronha  (lat.  8"  50'  S.)  are  most  contradictory.  The  pri 
mass  of  the  island  consists  of  basalt  and  phonolite,  the  little  isli 
Booby  is  formed  of  calcareous  sandstone.  The  presence  of  an  a 
high-water  line  and  certain  eroded  cavities  in  Booby  island  led  B 
to  conclude  that  the  group  had  been  recently  elevated.  On  the 
hand,  Buchanan,  who  subsequently  visited  the  group  with  the  Chal 
points  out  that  the  stratification  on  Booby  island  has  been  produi 
the  wind,  and  as  it  extends  beneath  the  sea,  he  concludes  that  th 
has  sunk  or  is  still  sinking  ^. 

^  Da  Silva  Coutinho,  L'Embouchure  de  PAmazone ;  Bull  Soc.  geogr.  Paris,  1867 
XIV,  pp.  321-334. 

2  C.  Wyville  Thomson,  The  Voyage  of  the  ChaUenger,  8vo,  1877,  II,  pp.  105,  IC 

^  C.  F.  Hartt,  Remarks  on  the  Brazilian  Coral-Fauna,  Trans.  Connect.  Acad.,  18( 
I,  p.  364  (in  the  appendix  to  Verrill,  Notice  of  the  Corals  and  Echinoderms  colli 
Prof.  Hartt  at  the  Abrolhos  Reefe,  torn,  cit.,  pp.  351-364) ;  also,  by  the  same, ' 
and  Physical  Geography  of  Brazil,  8vo,  Boston,  1870,  pp.  189,  204. 

^  A.  Rattray,  On  the  Geology  of  Fernando  Noronha,  Quart.  Joum.  Geol.  So< 
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A  fact  of  more  importance  for  our  inquiry  is  furnished  by  the  Roccas 
group,  which  lies  between  Fernando  de  Noronha  and  the  mainland; 
according  to  Hartt's  account  it  presents  all  the  characters  of  a  typical 
coral  reef  formed  under  positive  movement  of  the  strand-line. 

Along  the  coast  the  reefs  of  Pemambuco  (lat.  8**  S.)  have  been  described 
by  Hawkshaw;  he  regarded  them  as  indicating  intermittent  movement. 
Tlie  reefs  of  Parahyba  do  Norte  (lat.  T*  S.)  and  the  island  of  Itaparica,  near 
Bahia  (lat  12''  5(/  S.),  have  been  examined  by  Rathbun.  At  Itaparica 
the  base  of  the  reefs  is  formed  by  corals ;  above  these  come  nullipores  and 
innumerable  tubes  of  Serpula  which  are  especially  abundant  about  the 
summit.  The  reefs  are  separated  from  the  land  by  a  channel,  in  which  lie 
dead  corals  encrusted  by  nullipores  and  Serpulae ;  in  the  bay  of  Bahia  all 
the  corals,  with  the  exception  of  Mussa  Harttii,  appear  to  belong  to  still 
existing  species.  A  large  part  of  the  reefis  is  exposed  at  low  tide ;  Hartt 
expressly  mentions  this,  as,  for  instance,  when  describing  the  irregular 
coral  reefs  which  occur  outside  the  town  of  Macei6  (province  of  Alagoas), 
and  continue  northwards  to  Pemambuco  ^. 

In  the  Abrolhm  fringing  reefis  occur ;  the  island  of  Santa  Barbara,  for 
instance,  is  surrounded  by  one.  Hartt's  detailed  description  of  the  reefs 
of  lixo,  lying  to  the  north-west  of  the  preceding,  shows  that  these  present 
a  horizontal  surface  of  dead  coral,  traversed  by  deep  channels,  and  rising 
two  feet  above  low  water,  though  submerged  at  ordinary  high  tide.  '  The 
reef,'  says  Hartt, '  grew  as  high  as  it  could,  and  is  now  dead ; ...  its  height 
must  probably  be  ascribed  to  a  recent  elevation  of  the  land.' 

Along  the  coast  of  Brazil  '  chapeiroes,'  i.  e.  sea-stacks  formed  of  corals, 
rise  from  the  Ocean ;  they  are  only  a  few  meters  in  diameter,  but  some- 
times unite  to  form  extensive  reefs ;  the  largest  reefs  are  surrounded  by 
such  stacks.  As  a  rule,  the  reefs  rise  a  little  above  low  water,  and 
present  a  remarkably  even  surface ;  sometimes,  but  rarely,  they  are  covered 
with  soil  ^. 

These  facts  would  seem  to  suggest  that  this  part  of  the  coast  has  been 
affected  by  a  negative  movement  which  has  exposed  the  coral  reefs  and 
killed  them. 

The  observations  made  by  Hartt  on  the  mainland  accord  fairly  well 
with  this  interpretation.  Somewhat  north  of  the  Santa  Cruz  river  large 
areas  are  covered  by  dead  corals  which  are  exposed  at  low  water.    At  the 

XXVIII,  pp.  81-34.  According  to  the  statement  of  this  author  granite  alio  occurs  in 
considerable  masses  ;  Buchanan,  in  The  Voyage  of  the  ChaUengeTf  II,  p.  119. 

*  J.  Clarke  Hawkshaw,  Notes  on  the  Consolidated  Beach  at  Pemambuco,  Quart  Joum. 
Geol.  Soc,  1879,  XXXV,  pp.  239-243 ;  R.  Rathbun,  Notes  on  the  Coral  Ree&  on  the 
Island  of  Itaparica,  Bahia,  and  of  Parahyba  do  Norte,  Proc.  Boston  Soc.  Nat  Hist,  1878, 
XX,  pp.  89-41,  and  Am.  Joum.  Nat  Sci,  1879,  did  Ser.,  XVII,  p.  826. 

'  Hartt,  Remarks  on  the  Braiilian  Coral-Fauna,  p.  864;  Liais,  Compt  rend.,  1860,  L, 
p.  762 ;  and  Marcel  de  Serres,  torn,  cit,  p.  907. 
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mouth  of  the  Jequitinhonha,  near  Belmonte  (not  hr  from  Porto  Se 
ancient  strand-lines  are  visible  along  the  flat  coast  Similar  traces  a 
on  the  Pao  d'As^ucar  near  Victoria  in  the  province  of  Espirita  Santc 

For  reasons  already  frequently  mentioned,  I  do  not  attach  muc 
portance  to  the  preftence  of  a  submerged  forest  south  of  the  mouth  < 
Mucury  river,  west  of  the  Abrolhos^  The  conclusion  which  mig 
drawn  from  it  would  be  diametrically  opposed  to  all  the  prei 
evidence. 

At  Cabo  Frio,  and  to  the  south  of  it,  the  traces  of  n^ative  mov 
increase,  but  the  data  must  be  carefully  examined,  since  the  height 
beds  above  sea-level  is  inconsiderable  and  kitchen  middens  occur,  s 
as  the  remains  of  sepulchral  monuments  and  other  indications  of  an  a 
settlement.  Accounts  even  are  in  existence  which  attribute  an  ar 
origin  to  the  bar  at  the  mouth  of  the  harbour  of  Cabo  Frio  K 

On  the  Maricas  islands,  between  Cabo  Frio  and  Bio,  Hartt  observ 
empty  cup-shaped  holes  of  Echirumietra  Michdini  in  the  gneiss 
cliffs,  and  in  the  bay  of  Bio  itself  he  found  sand  with  recent  shells  i 
feet  above  hi^  water ;  similar  formations  also  occur  in  the  marshes 
province  of  Sao  Paolo  \ 

At  Laguna,  Capanema  mentions  oysters  adhering  to  the  granite 
a  little  more  than  two  meters  above  high  water.  All  the  ^sambaq 
shell  heaps  of  this  r^on  must,  however,  be  regarded  as  the  re 
human  occupation.  Above  Buenos  Ayres  shell-beds  six  or  eight 
above  the  level  of  the  La  Plata  are  worked  as  limestone  quarriee 
contain  remains  of  whales,  but  also  of  ancient  potteiy.  This  do 
however,  imply  that  indications  of  negative  movement  are  absent ; 
contrary  near  Bosario,  much  higher  up  in  this  same  river  basin,  S 
encountered  brackish- water  shells  several  meters  above  the  water  lei 

On  the  La  Plata,  between  lat  33**  and  35**  S.,  we  enter  that  remi 
terraced  land  which  stretches  with  terraces  progressively  increaf 
height  till  we  pass  beyond  the  straits  of  Magellan.  According  to  L 
we  may  see  in  some  places  five  terraces,  in  others  seven  or  eight,  p 
even  nine.  It  is  doubtful,  however,  whether  the  river  terraces  hav< 
cases  been  sufficiently  distinguished  from  the  marine.  This  is  the 
in  which  Doering's  quer-Andinian  stage  occurs.     It  is  probably  th< 

1  Hartt,  Geology  and  Physical  Geography  of  Brazil,  pp.  220,  221,  224. 

2  Annalen  der  Hydrographie,  1878,  VI,  pp.  170-171. 

'  Hartt,  Geology  and  Physical  Geography  of  Brazil,  pp.  35,  71,  506. 

*  G.  S.  de  Capanema,  Die  Sambaquis  oder  Muschelhdgel  Brasiliens,  Peterm.  Mitt 
XX,  pp.  228-280 ;  Wiener,  Mitth.  k.  k.  geogr.  Ges.  Wien,  1876,  2.  Ser.,  IX,  pp.  4 
K.  Rath,  Globus,  XXYI,  p.  194;  Heusser  et  Claraz,  Essais  pour  servir  a  une  det 
physique  et  g^ognostique  de  la  Proyince  Argentine  de  Buenos-Ayres,  4to,  Zuric 
II,  pp.  108-189;  Stelsner  in  Napp,  Die  Aigentinische  Republik,  8vo,  Buenc 
1876,  p.  84. 
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valent  of  the  Champlain  stage  of  the  north.  Both  are  crowded  with  marine 
shells  belonging  to  the  existing  fauna,  and  both  rise  to  a  greater  and 
greater  height  as  they  proceed  towards  the  pole.  In  the  bay  of  la  Plata 
these  shell-beds  lie  at  a  height  of  20  to  30  meters,  bat  in  the  extreme  south 
at  100  meters,  and  in  the  latter  case  the  accompanying  terraces  rise  to 
a  height  of  300  to  400  meters  (II,  p.  308). 

Roger  and  Ibar,  crossing  the  mountains  from  Skyring  water,  found  that 
near  the  sources  of  the  Rio  Qallegos  (lat.  51"*  45^  S.)  the  chain  is  suddenly 
replaced  by  tabular  hills;  these  are  all  of  equal  height,  and  like  those 
described  by  Captain  FitzRoy  on  the  Rio  Santa  Cruz  look  as  though  they 
were  the  remains  of  a  table-land  which  had  been  broken  up  by  the  excava- 
tion of  the  river  valleys  \ 

Thus  we  learn  from  the  east  coast  of  America  that  the  terraces  dis- 
appear south  of  lat.  40""  N. ;  faint  traces  of  negative  movement  occur  in 
Florida ;  no  definite  information  is  afforded  by  the  Antilles,  but  the  presence 
of  living  reefs  proves  the  absence  of  existing  negative  movement.  Quiana 
likewise  furnishes  nothing  definite,  but  the  terraces  are  absent.  At  the 
mouth  of  the  Amazon  the  sea  encroaches  on  the  land,  perhaps  owing  to  the 
erosive  action  of  the  breakers.  Then  coral  reefs  begin  to  appear ;  towards 
the  south  they  are  dead,  probably  owing  to  a  negative  movement,  and  at 
low  water  they  are  exposed  to  the  air. 

Further  south  the  indications  of  negative  movement  become  somewhat 
clearer ;  on  the  la  Plata  between  lat.  30""  and  40°  S.  the  terraced  land  of  the 
north  again  makes  its  appearance  and  the  quer-Andinian  stage  rises  higher 
and  higher  above  the  sea  as  it  proceeds  to  the  south,  just  as  the  Champlain 
stage  and  the  terraces  accompanying  it  increase  in  height  towards  the 
north. 

2.  Ea4it  Atlantic  coast,  Africa.  The  accounts  at  my  disposal  relating  to 
this  coast  are  few  in  number,  and  for  the  greater  part  indefinite  in  character* 
According  to  Maw,  an  ancient  strand-line  is  to  be  seen  at  many  points  on 
the  coast  of  Morocco ;  it  corresponds  to  a  similar  coast-line  on  Gibraltar ; 
Maw  observed  it  at  heights  of  about  40  to  60  or  70  feet  south  of  cape 
Spartel  in  the  bay  of  TaTigiera,  and  at  Mogadon  Further  south  from 
about  lat  29*"  30^  to  28''  N.  the  coast  has  been  visited  by  Duro ;  in  this 
region  it  consists  of  interrupted  clifis  formed  of  white  and  red  sandstone. 
The  ruins  of  the  Spanish  fort,  called  by  the  natives  Tagadir  Rumi,  which 
(mce  rose  south  of  Cabo  Non,  are  fast  disappearing ;  the  projecting  cliff  on 

^  R.  FitzRoy,  Eztiacts  from  the  Diary  of  an  Attempt  to  ascend  the  River  Santa  Cruz 
in  Patagonia,  Joum.  Roy.  Geogr.  Soc,  1887,  YII,  p.  114;  also  Travels  of  the  Adventure 
and  Beagle,  II :  Darwin,  as  is  well  known,  accompanied  FitzRoy.  Roger  i  Ihar,  Estudios 
sobre  las  aguas  de  Skyring,  por  el  Comandante  i  Oficiales  de  la  Cor  beta '  Magellines,' 
8vo,  Santiago,  1878,  p.  66.  Captain  Musters  also  observed  strongly  marked  terraces  on 
the  Gallego ;  less  clear,  but  likewise  recognizable,  are  those  on  the  Coheyli,  which  flows 
into  Coy  inlet ;  J.  C.  Musters,  Unter  den  Pktagoniem  (German  ed.),  1878,  passim. 
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which  it  stood  was  undermined  by  the  sea,  and  this— not^  atf  some  obs 
have  thought,  a  sabsidence^-was  the  cause  of  its  destmction.  S 
evidence  is  to  be  seen  at  the  Wady  Draa.  On  dimfaing  the  diff  wi 
over  the  plain  extending  farther  than  the  eye  can  reach  \ 

The  Canary  idands  also  present  signs  of  negative  movement ;  a 
I  regard  the  remains  of  shells  mentioned  by  Fritseh  as  oocorring  < 
island  of  Palma  at  a  height  of  +20  to  +40  feet;  they  are  cer 
together  by  sand  and  clay  and  fill  the  joints  and  crevices  in  recent  b 
diflb.  As  to  the  hi^-level  deposits  which  occur  on  all  these  A 
islands,  t&ere  is  a  difficulty  as  to  their  age ;  they  may  be  Tertiary, 
is  impossible  to  arrive  at  a  definite  condusion  frcnn  the  existing  acco 

At  cape  Blanco,  according  to  Belcher,  the  atmosphere  is  densely  e 
with  sand ;  of  v^etation  there  is  next  to  none :  leas  than  a  month  ( 
for  the  sand  to  bury  large  buildings  out  of  sight.  Marine  shells  are 
distributed  in  great  quantities  at  a  considerable  height  above  high  ti 

Shell-beds  of  comparativdy  recent  age  are  found  on  several  of  th 
Verde  islands ;  they  have  been  described  by  Darwin ;  Fiacher  has  f 
their  fauna  from  coUections  made  by  Cessac,  who  obtained  most 
specimens  from  Sio  Jago,  where  the  beds  lie  at  a  height  of  + 18  i 
intercalated  between  two  sheets  of  basalt ;  with  two  exceptions  the 
belong  to  living  spedes  *. 

About  the  Mel  islands  [Bissagos  islands]  (lat.  12^  N.)  coral  reefis 
be  seen  which  descend  steeply  to  great  depths ;  long  bars  and  lagoons 
the  coasts  from  long.  1**  15'  to  T  84'  K« 

'  G.  Maw,  Notes  on  the  Geology  of  the  Plain  of  Marocco  and  the  Great  Atla 
Joum.  GeoL  Soc,  1872,  XXVIII,  pp.  85-97,  in  particular  pp.  86,  87;  C.  I 
Ezploracion  de  una  parte  de  la  costa  noroeste  de  Africa,  BoL  Soc.  Geogr.  Madr 
IV,  pp.  184-199;  W.  Arlett,  Survey  of  some  of  the  Canary  Islands  and  pari 
Western  Coast  of  Africa,  Joum.  Roy.  Geogr.  Soc.  London,  1836,  VI,  pp.  285-310. 

'  K.  von  Fritseh,  Zeitschr.  deutsch.  geol.  Ges.,  1862,  XIV,  p.  547.  Here  even  fr 
of  ooraJ  and  shells  are  mentioned  at  a  height  of  700  feet  I  should  be  inclined  t 
them  as  Tertiary. 

'  Belcher,  Extracts  from  Observations  on  various  Points  of  the  West  Coast  o: 
surveyed  by  H.M.S.  Aetna  ;  Joum.  Roy.  Geogr.  Soc.  London,  1832,  II,  p.  301.  T 
is  described  by  Aube,  L*Ile  Arguin  et  les  pScheries  de  la  cOte  occidentale  de  l\ 
Rev.  marit.  et  col.,  1872,  p.  470. 

*  Darwin,  Geological  Observations,  2nd  ed.,  pp.  4-6 ;  P.  Fischer,  Sur  les  foa 
ties  du  Cap  Vert,  rapport^s  par  M.  de  Cessac,  Compt.  rend.,  1874,  LXXVIII,  pp.  I 
Baron  von  Barth,  Primo  Relatorio  da  Commiss&o  encarg.  de  ezplor.  geol.  de  la  F 
de  Angola,  Ann.  da  Comm.  centr.  perm,  de  Geographia,  Lisboa,  1876,  No.  I,  pj 
In  the  South  Atlantic,  on  Nightingale  Island  (Tristan  d*Acunha  group)  Bi 
observed  a  shore-line  at  a  height  of  10*8  meters,  and  the  negative  traces  appear  U 
much  higher ;  Proc.  Roy.  Soc.  London,  1876,  XXV,  p.  614. 

*  U.  S.  Hydrographic  Office,  The  West  Coast  of  Africa,  1873, 1,  pp.  160, 190 ;  Li 
Peterm.  Mitth.,  1885,  XXXI,  p.  211,  pi.  xi.  At  cape  Palmas  there  can  hardly  li 
coral  reefs  or  shell-beds  of  any  size,  for  the  senate  of  Palmas  has  offered  a  rewan 
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South  of  the  maiith  of  the  Congo,  Pechuel-Losche  found  limestone  con- 
taining oyster  shells ;  it  forms  cliffs  along  the  coast  twenty  feet  in  height, 
but  I  have  no  information  as  to  their  age  \ 

There  are  numerous  accounts  treating  of  the  structure  of  the  west 
coasts  of  Africa,  but  in  general  our  knowledge  of  these  regions  is  extremely 
incomplete;  even  the  shell-beds  found  a  little  above  the  sesr-level  at  the 
mouths  of  the  Senegal  and  also,  far  remote  from  this  river,  in  the  lagoon 
of  Assini,  which  are  described  by  Pomcl  as  Quaternary,  may  possibly  be 
only  ancient  kitchen  middens  ^. 

The  accounts  at  my  disposal  which  refer  to  the  more  southern  part  of 
the  coast  are  quite  inadequate,  but  in  Cape  CoUmy  the  evidence  of  negative 
movements  is  very  definite.  Clarke  long  ago  recorded  the  presence  of 
parallel  strand-lines  and  of  high-lying  shell-beds  in  the  neighbourhood  of 
Cape  Town;  he  considers  that  the  district  around  False  bay,  as  well  as 
Table  bay,  must  have  been  covered  by  more  than  sixty  fathoms  of  water, 
converting  the  Cape  into  an  island  ^. 

We  are  thus  in  a  position  to  state  that,  from  Gibraltar  to  beyond  the 
Cape  Verde  islands,  traces  of  negative  movement  are  known  to  occur  at 
a  moderate  height  above  the  sea;  further  south  information  is  wanting 
or  inadequate ;  but  in  Cape  Colony  signs  of  negative  movement  are  very 
obvious. 

8.  Coasts  of  eastern  Africa  and  Arahia,  The  traces  visible  at  Cape 
Town  are  repeated  at  many  localities  in  South  Africa.  Stow,  who  has  very 
carefully  studied  the  most  recent  marine  deposits,  includes  among  them 
sloping  surfaces  of  quartzite  worn  by  erosion  which  occur  in  the  neighbour- 
hood of  Port  Elizabeth  at  a  height  of  180  feet  (55*5  meters),  and  marine 
sands  in  which  shells  have  been  found  up  to  a  height  of  60  or  70  feet. 
Again,  at  Reuben  point,  at  the  entrance  to  Delagoa  bay,  the  recent  marine 
sands  with  shells  lie,  according  to  Cohen,  at  a  height  of  40  meters,  and 
extend  26  kilometers  into  the  interior.  Griesbach  states  that  on  the  whole 
east  coast  of  Africa  signs  of  a  recent  elevation  of  the  land  occur ;  but  since 
remains  of  human  occupation  have  been  found  in  the  supposed  ancient 

discoyeiy  of  limestone ;  SchOnlein,  Zeiischr.  deutsch.  Gea.  Erdk.,  Berlin,  1875,  X,  p.  481. 
D.  Dohm  has  kindly  informed  me  that  he  noticed  no  traces  of  an  altered  strand-line  on 
Princes  island ;  nor  does  0.  Baumann  know  of  anything  similar  at  Fernando  Po. 

^  0.  Lenz,  Petrefokten  von  der  Loangoktlste,  Verh.  k.  k.  geol.  Reichsanst.,  1877,  p.  279. 
From  Zbolnski  on  the  lower  Congo  sabfossil  mollusca  of  liring  species  are  said  to  have 
been  obtained  at  a  height  of  200  meters ;  Bull.  Soc.  beige  O^ol,  1887,  I,  Proc^s-verb., 
p.  30.  There  may  be  some  misunderstanding  here ;  Herr  Baumann  tells  me  that  such 
heights  only  occur  at  some  distance  inland ;  he  had  climbed  them  but  seen  nothing  of 
the  kind. 

'  A.  Pomel,  Le  Sahara,  p.  25. 

'  M.  B.  Clarke,  On  the  Geological  Phenomena  in  the  Vicinity  of  Cape  Town ;  Proc. 
Geol.  Soc.,  1888-1842,  III,  p.  422.  In  the  island  of  Eerguelen  there  is  a  continuous 
terrace  at  a  height  of  6  meters  ;  T.  Studer,  Zeitschr.  deutsch.  geol  Ges.,  1878,  XXX,  p.  846. 
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littoral  formations  at  various  localities  close  to  the  shore  at  Natal,  at  L 
and  at  the  mouth  of  the  Zambesi,  it  is  probable  these  beds  are  to  a 
extent  simply  kitchen  middens  ^ 

Griesbach  believed  he  had  observed  elevated  coral  reefs  more 
north  around  the  island  of  Marsha,  and  he  ascribes  the  origin  of  the 
ruto  islands  to  an  elevation  of  coral  reefs.  The  town  of  Mozambi 
built  on  a  flat,  low-lying  coral  formation,  and  the  somewhat  antiquat 
detailed  descriptions  furnished  by  Lieut.  Wolf  of  H.M.S.  Zeven  and  J 
covUa  show  clearly  that,  as  we  proceed  towards  the  north,  the  coast  b< 
increasingly  fringed  by  true  coral  reefs. 

Attention  has  frequently  been  called  to  the  great  depths  to  whi 
coral  reefs  suddenly  descend  on  the  seaward  side.    In  lat.  12''2(/& 
Ibo,  the  reef  is  separated  from  the  mainland  by  a  lagoon.    Cape  E 
(lat  10°  41'  S.)  and  the  Querimba  islands,  the  harbour  of  Quiloa,  the 
Mafia  and  Pemba  are  examples  which  illustrate  the  steep  descent 
sides  of  the  reef  to  great  depths.    At  Mombasa  a  lagoon  lies  betwi 
reef  and  the.  mainland.     In  spite  of  these  indications  it  cannot  be 
that  signs  of  negative  movement  also  exist  even  on  the  very  coasts 
are  bordered  by  barrier  reefs.     Burton  states  that  the  Mrima,  i.  e.  th 
north  of  Zavaibar,  shows  signs  of  an  elevation  of  the  land  extendin 
Bufiji  to  Mombasa,  and  in  places  there  are  even  distinct  traces 
strand-lines  which  are  separated  by  a  flat  terrace.    Thomson  gives 
cisely  similar  account  of  this  coast  at  Dares-Salaam  (lat.  6**  5(/  S.) ;  1 
there  are  two,  if  not  three,  successive  littoral  zones ;  between  the  fi: 
second  the  upward  movement  must  have  been  temporarily  arrested 
further  north,  opposite  the  island  of  Kiama  (lat  0**  40'  S.),  Brennei 
that  the  coral  formation  extends  more  than  3  kilometers  inland,  ai 
suddenly  terminates  in  a  range  of  wooded  hills  formed  of  dune  sand 

*  G.  W.  Stow,  Some  Points  in  South  African  Geology,  Quart.  Joum.  Geol.  So 
XXVII,  pp.  520,  522 ;  the  older  work  of  Emus  even  mentions  oysters  at  a  h 
600-700  feet  on  the  grass  rQggens  between  Uitenhage  and  Grahams  Town ;  U 
geologischen  Verhfiltnisse  der  Ostkiiste  des  Caplandes,  Amtl.  Ber.  XX.  Versamml. 
Naturf.  und  Aerzte,  Mainz,  1842,  p.  129 ;  Bain  says  20  to  300  feet,  Trans.  Geol.  S< 
2nd  Scr.,  VII,  p.  191;  E.  Cohen,  Erl^uternde  Bemerkungen  zu  einer  Routenl 
Jahresb.  geogr.  Ges.  Hamburg,  1875,  p.  Ill ;  C.  L.  Griesbach,  Geology  of  Nata 
Joum.  Geol.  Soc,  1871,  XXVII,  p.  67;  the  recent  marine  sand  in  Delagoi 
mentioned  by  Rehmann,  Das  Transvaal-Gebiet,  Mitth.  k.  k.  geogr.  Ges.  Wie 
XXVI,  p.  389. 

'^  (Lieut.  Wolf,)  Narrative  of  Voyage  to  explore  the  shores  of  Africa,  Ara' 
Madagascar,  performed  in  H.M.S.  Leveti  and  Barracouta  under  direction  < 
W.  F.  W.  Owen,  8vo,  London,  1832,  I,  pp.  187,  379,  425,  427 ;  II,  pp.  2,  5,  9,  et 
Darwin,  Coral  Reefs,  p.  76 ;  Burton,  The  Lake  Regions  of  Central  Equatoria 
Joum.  Roy.  Geogr.  Soc,  1859,  XXIX,  p.  35 ;  J.  Thomson,  To  the  Central  Africaj 
8vo,  1881,  I,  pp.  75,  94;  R.  Brenner,  Peterm.  Mitth.,  1868,  XIV,  p.  862.  T 
ground  of  Zanzibar  is  described  by  v.  d.  Decken,  Reisen  in  Ost-Afrika,  8vo,  1869, 
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The  presence  of  relict  strand-lines  on  coasts  bordered  by  lagoons  and 
barrier  reefs  with  steeply  descending  walls  can  scarcely  cause  us  surprise, 
since,  in  the  Pacific  Ocean,  we  have  become  acquainted  with  fragments  of 
table-land  which  rise  100  meters  above  the  sea,  have  been  laid  dry  by  nega- 
tive movement,  and  are  at  present  engirdled  by  lagoons  and  living  barrier 
reefs. 

A  large  part  of  Madagascar  is  surrounded  by  a  barrier  reef ;  according  to 
Wharton  the  Farquhar  islands  ( JoSo  de  Nova),  north  of  Madagascar,  form 
an  atoll  with  a  lagoon ;  in  like  manner,  according  to  C!oghlan's  account,  the 
Abb^  bank,  north  of  Mauritius,  forms  an  elongated  atoll ;  this,  however,  is 
quite  submerged,  and  its  surface  lies  at  a  depth  of  — 13  to  — 18  meters ;  in 
this  it  resembles  many  other  coral  reefs  to  the  north  of  Mauritius.  Niejahr 
states  that  the  Cosmoledo  islands  are  so  disposed  in  a  circle  as  to  very 
nearly  enclose  a  lagoon  ^  All  the  islands  surrounding  Madagascar  from 
the  Comores  to  the  Seychelles  as  far  as  Reunion  and  Mauritius  are,  with 
very  few  exceptions,  surroimded  by  reefs ;  but  on  Maumtius  in  particular 
indications  are  described  of  negative  movement.  On  Rodriguez  an  ancient 
strand-line  may  be  seen  at  a  height  of  twenty  feet  ^. 

Further  north  on  the  coast  of  Africa,  beyond  lat.  10°  N.,  the  signs  of 
n^ative  movement  reappear  in  a  most  striking  manner.  From  the  evidence 
afibrded  by  the  coast  of  Medjertines  in  Nirrth  Somali  land,  Revoil  has 
even  attempted  to  reconstruct  the  boundary  of  the  sea  at  the  time  it 
extended  over  the  north  coast  of  the  peninsula  of  Bender  Gdfiem,  Bender 
Khdr,  and  MSraja.  Haggenmacher,  travelling  inland  from  Berbera,  met  with 
weathered  beds  of  oysters  and  corals  two  to  four  hours'  journey  from  the 
existing  coast  ^ 

The  indications  observed  on  the  south  coast  of  the  gulf  of  Aden  are  the 
precursors  of  those  traces  of  negative  movements  which  everywhere  sur- 
round the  Red  sea,  and  which  long  ago  attracted  the  attention  of  travellers. 

*  Grandidier,  Notes  ear  les  c6te8  sad  et  sud-ouest  du  Madagascar,  Bull.  Soc.  g^ogr. 
Fkris,  1867,  5«  ser.,  XIV,  pp.  884-394;  Sibree,  The  Great  African  Island,  1880,  p.  36. 
The  ob0ervations  of  Guillemin  as  to  a  belt  formed  of  fragments  of  basalt  on  the  beach 
probably  indicate  volcanic  drift ;  Ann.  Mines,  Paris,  186G,  6®  ser.,  X,  p.  281 ;  Comm. 
Wharton  (Shearwater),  Hydrogr.  Notices,  1879,  No.  1 ;  Lieut.  Coghlan,  op.  cit.,  1877, 
No.  6 ;  Capt.  Friedrich  (Brig  Hetmanu  Fnednch),  Ann.  d.  Hydrogr.,  1876,  IV,  pp.  243-246. 

^  Darwin,  Greological  Observations,  p.  83 ;  G.  Clark,  Notes  on  the  Geological  Features 
of  Mauritius,  Quart.  Joum.  Geol.  Soc,  1867,  XXIII,  pp.  185-190  (a  great  mass  of  coral 
limestone  in  the  interior  is  said  to  be  formed  of  species  which  do  not  live  at  present  on 
the  shores  of  the  island) ;  R.  von  Drasche,  Die  Insel  Reunion  (Bourbon) :  eine  geologische 
Stadie  mit  einem  Anhang  fiber  die  Insel  Mauritius,  4to,  Wien,  1878,  pp.  27,  72,  73 
(alternation  of  lavas  and  beds  of  corals) ;  Balfour,  Gulliver,  and  Slater,  Rodrigues,  Phil. 
Trans.,  1879,  vol.  168,  p.  209;  E.  Behm,  Die  Insel  Rodriguez,  Peterm.  Mitth.,  1880,  p.  287. 

'  G.  Revoil,  Voyage  au  pays  des  Me^jourtins,  Bull.  Soc.  geogr.  Paris,  1880,  6®  ser., 
XIX,  pp.  254-269,  and  Voyage  au  Cap  des  Aromates,  8vo,  Paris,  1 880 ;  G.  A.  Haggenmacher, 
Raise  im  Somali-Lande,  Peterm.  Mitth.,  Erg&nzungsheft  47,  1874,  p.  18. 


608        EQUATORIAL  AND  SOUTHERN  COASTS    [Pi 

As  early  as  1762  Carsten  Niebohr  observed  at  the  wells  of  Moses  tl 
sea  '  appears  to  have  retired  to  a  great  distance,'  and  he  noted  th 
fact  on  the  coast  of  Djidda.  Very  early,  at  a  time  when  Darwin's  vi 
the  structure  of  coral  reefs  were  but  little  known,  Ehrenberg  was 
show  that  in  the  Red  sea  the  distinction  between  burner  and  frii^^ 
could  not  be  maintained  with  the  sharpness  it  was  usually  8upp< 
possess ;  this,  as  is  well  known,  was  subsequently  shown  by  Dam 
equally  the  case  with  the  reefs  of  other  regions.  As  eariy  as  1888  1 
attempted  to  give  a  general  account  of  the  coral  beds  now  exposec 
the  sea.  According  to  this,  their  height  in  the  north  amounts  to  +  8 
feet ;  they  are  continued  far  to  the  south,  lying  horizontally  and 
against  the  ancient  rocks.  From  lat.  26^  N.  onwards,  as  at  Djidda,  11 
and  elsewhere,  they  do  not  attain  a  height  of  more  than  12  or  '. 
There  is  definite  proof  '  that  at  one  time  the  height  of  the  sea  with 
to  the  land  stood  higher  in  the  south  by  about  15  feet,  in  the  m 
about  80  or  40  feet  K' 

Traces  of  ancient  shores  at  even  greater  heights  have  since  beei 
in  various  localities,  but  I  have  quoted  the  now  antiquated  descrip 
Rlippell  as  a  token  of  the  deep  impression  which  these  long  horizoni 
make  on  a  thoughtful  observer.  They  are  the  same  as  those  whi* 
previously  described  as  marking  the  apposed  or  descending  series  ; 
(I,  p.  878).  From  Suez  the  line  at  200  feet  is  continued  to  the  M( 
hills  near  Cairo,  and  to  Ssedment  in  the  Nile  valley ;  such  lines  ca 
produced  by  any  movement  of  the  lithosphere. 

It  is  impossible  in  the  present  state  of  our  knowledge  to  give  a  co 
account  of  the  exposed  beds  or  ancient  strand-lines  which  at  presi 
roimd  the  Red  sea.  Only  a  few  localities  have  been  carefully  invej 
and  most  of  the  observations  are  unfortunately  of  too  general  a  cI] 
It  is  around  Suez  and  in  the  bay  of  Akabah — the  places  most  fre 
visited — that  the  highest  horizons  are  known ;  there  can  be  no  doul 
ever,  that  high-lying  strand-lines  are  not  of  local  origin,  but  ha 
possessed  a  very  wide  distribution. 

At  Tudjurra,  close  to  the  entrance  to  the  Red  sea,  Rocher  d'H 
observed  recent  marine  formations  at  a  height  of  40  to  50  meters ; 
encountered  two  terraces  of  coral  limestone  at  Obock,  one  at  a  h< 
+ 15  to  25  meters,  the  other  at  40  to  50  meters ;  Courbon  observe 
in  the  bay  of  Adulis  at  a  height  of  20  to  40  meters.  A  broad 
recent  marine  deposits  has  been  described  by  Heuglin  near  Suak 

^  Carsten  Niebuhr's  Reiscbeschreibung  nach  Arabien  und  anderen  uml 
Landern,  4to,  1774,  pp.  225,  277 ;  Beschreibung  von  Arabian,  4to,  Kopenhag 
p.  403 ;  Ehrenberg,  Ueber  die  Natur  and  Bildung  der  Corallenb&nke  dea  Rothei 
Abh.  Akad.  Wiss.  Berlin,  1832,  XVIIIa,  pp.  381-432 ;  £.  Rappell,  Reise  in  Ab 
8vo,  Frankfurt  a.  M.,  I,  1838,  pp.  140  et  seq.,  183,  245,  and  II,  1842,  p.  313. 
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Tokar,  and  by  Botta  in  Yemen.  In  Arabia,  this  belt,  which  is  known  as 
the  TAa/nuiy  borders  the  coast  as  far  as  the  strait  of  Bab-el-Mandeb  K 

It  is  to  Carter  that  we  are  chiefly  indebted  for  our  knowledge  of  similar 
beds  on  the  south  coast  of  Arabia.  A  Milliolite  sandstone,  composed  of 
innumerable  rhizopod  shells,  the  cavities  of  which  are  filled  with  yellow 
ferric  silicate,  borders  the  coast  and  extends  to  Eattyaw&r  on  the  coast  of 
India;  here  it  is  called  Purbimder-stone ;  at  Bhooj  in  Cutch  it  contains 
iridescent  bivalve  shells,  and  is  there  called  Gold-stone ;  it  is  exported  from 
Eattyaw&r  to  Bombay  as  a  freestone  for  building. 

Tliis  recent  marine  deposit,  so  widely  distributed,  is  found  plastered  at 
various  heights  on  the  precipitous  coast  of  south  Arabia,  and  has  been 
observed  up  to  a  height  of  150  feet  (45*7  meters).  In  one  locality  the  occur- 
rence of  some  loose  blocks  would  seem  to  indicate  that  it  even  extended  to 
a  far  greater  height.  These,  however,  are  not  the  only  traces  of  negative 
movement;  borings  of  Lithodomus  may  be  seen  at  various  heights,  and 
caves  likewise,  both  at  the  existing  level  of  the  breakers  and  far  above  it 
Thus  a  cave  is  described  by  Carter  in  the  limestone  of  the  R&s  Hammar, 
a  part  of  the  R&s  Seger  (Sejar) ;  it  is  150  feet  in  width  and  50  feet  high, 
and  the  top  of  its  roof  is  perforated  by  Lithodomus  borings  ^. 

The  traces  of  this  displacement  are  also  continued  into  the  Persicm  guLf\ 
Loftus  states  that  traces  of  a  recent  marine  deposit  containing  shells  such 
as  s£ill  live  in  this  sea  may  be  followed  far  inland,  and  indeed  that  these 
mollusca  may  be  met  with  in  the  lowest  beds  of  the  recent  alluvium  even 
400  kilometers  away  from  the  existing  sea,  i.  e.  240  kilometers  above  the 
confluence  of  the  Tigris  and  Euphrates.  At  their  summit,  however,  these 
marine  deposits  appear  to  pass  without  any  sharp  line  of  demarcation  into 
the  river  alluvium.  Against  the  folded  gypsiferous  Miocene  beds  of  the 
outer  chains  of  the  Z&gros  a  recent  marine  deposit  of  upper  Tertiary  age 
rests  horizontally;  this  is  Blanford's  Makr&n  group;  it  extends  from 
Bushire  to  cape  Monze.  A  much  more  recent  marine  formation,  the 
Mittoral  concrete,'  borders  the  coast,  generally  at  a  height  of  20  to  25 

>  Rocher  d*Hericourt,  Compt.  rend.,  1841,  XII,  pp.  732-735 ;  Aubry,  Bull.  Soc.  g^ol  de 
Fr.,  1886,  3«  bAt.,  XIV,  p.  201 ;  Courbon,  Compt.  rend.,  1861,  LII,  pp.  426-488;  T.  von 
Henghlin,  Reise  in  N.-O.  Afrika,  1877,  I,  p.  84 ;  Lartet,  Otologic  de  la  Palestine,  Ann. 
ScL  g^L,  1869, 1,  p.  268 ;  J.  Milne,  Quart.  Joum.  Geol.  Soc,  1875,  XXXI,  p.  8,  and  in 
many  other  publications.  On  the  existing  fluctuations  of  the  sea-level,  see  Klunzinger, 
Zeittchr.  deutsch.  Ges.  Erdk.,  Berlin,  1872,  VII,  p.  21.  Malcolmson  mentions  fossil  shells 
from  Aden  at  a  height  of  more  than  100  meters ;  Velain  has  not  seen  them ;  G.  V^lain, 
Description  g^logique  de  la  presqu^Ue  d*Aden  et  de  Tile  de  la  Reunion,  4to,  Paris, 
1878,  p.  9. 

*  H.  J.  Carter,  Memoir  on  the  Geology  of  the  South-Eastem  Coast  of  Arabia,  Joum. 
Bombay  Branch  R.  Asiat.  Soc,  1852,  IV,  pp.  21-96 ;  Note  on  the  Pliocene  Deposits  of 
the  Shore  of  the  Arabian  Sea,  op.  cit.,  1858,  IV,  pp.  445-448,  and  Summary  of  the 
Geology  of  India  between  the  Ganges,  the  Indus,  and  Cape  Comorin,  op.  cit.,  1854,  V, 
p.  812. 
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feet.  Bushire  is  built  of  it.  It  fonnB  cape  Jishk  in  the  gulf  of  On 
some  placeR  the  naine  is  used  to  designate  an  exposed  ooral  bed  (I, 
The  eastern  part  of  the  island  of  Kh4rak  is  formed  of  the  littoral  o 
it  is  surrounded  by  a  coral  reef,  and  the  two  formations  are  rem 
similar.  These  beds  are  regarded  by  Blanford  as  a  oontinuatioi 
recent  coastal  deposits  which  we  have  just  mentioned  as  oocorrinf 
coast  of  south  Arabia  and  as  far  as  Cutch  ^. 

Relict  strand-lines  thus  occur  on  the  east  coast  of  South  A 
a  considerable  height ;  in  Delagoa  bay  they  still  reach  a  height 
meters.  Then  a  gap  occurs  in  the  observations,  but  further  north,  i 
bar,  and  as  far  as  the  equator,  distinct  indications  of  an  abandone 
are  present,  even  in  those  places  where  lagoons  and  coral  reefe  w 
cipitous  slopes  bear  witness  to  positive  movement  in  the  unmedii 
Negative  indications  are  also  visible  on  the  coasts  of  the  Red  sei 
south  coast  of  Arabia,  and  in  the  Persian  gulf. 

4.  Goods  of  India  and  Further  India.    In  turning  our  attentic 
coasts  of  the  Indian  peninsula,  we  must  first  recall  a  remarkable  pe 
in  the  sea-level  on  the  west  coast      Towards  the  south,  acco; 
Sowerby,  there  is  little  or  no  tide  ;  in  Bombay  it  amounts  to  twelvt 
the  mouth  of  the  Tapti  to  nineteen,  at  the  head  of  the  gulf  of  Ga 
twenty-eight  feet.    At  this  point  the  Indian  tide  reaches  its  greatea 
Many  rivers  discharge  into  the  gulf,  and  their  sediments,  driven 
the  tide,  form  a  considerable  accumulation  on  the  south-east 
KattyawiLr,  between  Diu,  Jaffrabad,  and  (}oapanath.    The  bar  of  t 
owes  its  increase  to  similar  causes.     It  would  thus  appear,  acco 
Sowerby's  conception,  as  though  Bombay  were  slowly  rising,  becfl 
land  is  formed  on  the  seaward  side  which  checks  the  entrance  of 
and  thus  causes  a  sinking  of  the  mean  sea-level  ^. 

Apart  from  this,  accounts  will  be  found  in  technical  treatises  of 
alleged  elevations  and  subsidences  on  the  coasts  of  India. 

That  the  subsidences  in  Gutch  are  caused  by  the  engulfment  and 
of  the  moist  alluvial  land  during  earthquake  shocks  has  alrea 
mentioned  (I,  p.  43). 

Buist  has  described  a  submerged  forest  at  Bombay]  more  rec< 
relating  to  it  were  collected  by  Ormiston  during  the  construction  < 
at  the  port.      The  trees  are  rooted  at  a  level  of   —12  feet.      ] 

'  W.  K.  Lofbus,  Quart.  Journ.  Geol.  Soc.,  1855,  XI,  p.  251 ;  W.  T.  Blanford, 
the  Geological  Formations  seen  along  the  Coasts  of  Biluchistdn  and  Persia  fron 
to  the  head  of  the  Persian  Gulf,  and  on  some  of  the  Gulf  Islands,  Rec.  Geol.  Sv 
1872,  V,  pp.  41-45 ;  Eastern  Persia,  8vo,  1876,  II,  p.  467  et  passim ;  also  Qua 
Geol.  Soc.,  1873,  XXIX,  p.  501 ;  W.  A.  Stiffe,  On  the  Mud-Craters  and  G 
Structure  of  the  Mekran  Coast,  op.  cit,  1874,  XXX,  pp.  50-53. 

'  W.  Sowerby,  Memorandum  on  the  Geological  Action  of  the  Sea  on  the  So 
of  Kattyawar ;  Trans.  Bombay  Geogr.  Soc,  1868,  XVIII,  pp.  96-104. 
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remarks  in  this  connexion  that  the  littoral  concrete  occurs  at  a  distance  of 
no  more  than  a  mile  from  this  place.  Trees  of  the  species  which  form  the 
submerged  forest  (Avicennia  and  Bruguieria)  may  be  seen  living  at  the 
present  day  below  the  high- water  mark ;  the  fact  that  they  are  perforated 
by  boring  sheUs  seems  to  indicate  a  salt  lagoon.  In  my  opinion,  however, 
the  position  of  this  forest  is  in  no  way  connected  with  the  movements  which 
laid  bare  the  littoral  concrete  ;  the  case  is  comparable  with  that  of  the  sub- 
merged forests  of  Europe  and  North  America,  which  owe  their  position  to 
a  local  slipping  of  soft  alluvial  land  ^ 

The  island  of  Vayjd,  on  the  coast  of  Malabar,  has  been  cited  as  a  case  of 
recent  elevation ;  as  a  matter  of  fact  it  is  a  mass  of  marine  sediment  which 
was  driven  into  its  present  position  during  an  earthquake  in  1341  (I,  p.  96). 

Disregarding  the  cases  just  mentioned,  we  perceive  that  quite  recent 
marine  deposits,  comparable  with  the  Milliolite  limestone  and  the  littoral 
concrete,  occur,  even  if  only  in  widely  separated  patches,  all  around  the 
Indian  peninsula.  This  was  already  the  conclusion  of  Buist ;  it  was  sup- 
ported by  Bhmford  and  has  been  confirmed  by  fresh  observations.  These 
patches,  which  are  always  horizontally  stratified,  do  not  invariably  occur  at 
the  same  height,  but  in  many  places  the  higher  horizons  have  evidently 
been  destroyed.  At  cape  Monze,  oysters  occur  attached  to  the  rocks  ten  to 
fifteen  feet  above  high  tide  ^.  Fedden's  investigations  in  Eattyaw&r  show 
that  a  narrow  belt  of  upper  Tertiary  deposits  borders  the  coast  as  far  as  the 
gulf  of  Cambay,  and  that  outside  this  belt  a  zone  of  Milliolite  rock  occurs, 
which  extends  to  a  height  of  over  sixty  feet,  and  appears  to  attain  still 
greater  elevations  in  the  interior.  The  north  coast  of  the  peninsula,  next 
the  gulf  of  Cutch,  is  bordered  by  dead  coral  reefs ;  in  spite  of  the  numerous 
traces  of  negative  movement  mentioned  by  Fedden,  I  should  be  inclined  to 
attribute  no  great  importance  to  this  fact,  owing  to  the  various  influences 
to  which  the  sea-level  is  here  exposed  ^. 

Under  various  forms  the  Milliolite  rock  and  littoral  concrete  extend,  as 
we  have  seen,  as  far  as  Bombay.  At  various  localities  along  the  west  coast, 
and  far  to  the  south,  there  may  be  seen  beneath  the  laterite  isolated  traces 

'  G.  Buist,  The  Geology  of  Bombay,  Trans.  Bombay  Greogr.  Soc,  1852,  X,  p.  178 ;  also 
Evidence  of  a  general  Vibration  or  Descent  and  subsequent  Upheavement  of  the  Land  all 
along  the  shores  from  Suez  to  Arracan,  torn,  cit.,  pp.  215-217.  H.  J.  Carter  (Notes  on 
the  Geology  of  the  Islands  around  Bombay ;  Joum.  Bombay  Branch  R.  Asiat.  Soc,  1862, 
XXI,  p.  176)  records  a  similar  fact  for  Salsette ;  cf.  also  op.  cit.,  1852,  lY,  p.  166;  G.  K. 
Ormiston,  Submerged  Forest  on  Bombay  Island,  Rec.  Geol.  Surv.  India,  1878,  XI,  p.  802 ; 
and  Medlicott  and  Blanford,  Geology  of  India,  p.  Ixzi,  note. 

«  W.  T.  Blanford,The  Geology  of  Western  Sind ;  Mem.  Geol.  Surr.India,  1879,  XVII,  p.  184. 

'  F.  Fedden,  The  Geology  of  the  E&thi&wir  Peninsula  in  Guzerat ;  Mem.  Geol.  Surv. 
India,  1885,  XXI,  p.  53  et  seq.  Here  the  Milliolite  rock  is  mentioned  far  in  the  interior 
of  the  country  from  the  mountain  of  Chotila,  at  a  height  of  1,170  feet ;  mollusca  are  not 
mentioned  here ;  from  another  place  land  shells  are  mentioned  in  the  Milliolite  rock. 
Further  investigation  is  therefore  necessaiy. 
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of  beds  lying  very  near  the  sea,  which  have  been  assigned,  bat  appe 
without  sufficient  reason,  to  the  younger  Tertiary;  finally,  a  calc 
sandstone,  with  a  somewhat  wider  distribution,  is  exposed  near  Qvil 
has  been  correlated  with  the  recent  Cuddalore  sandstone  of  the  east 
On  ca]()e  Comarin,  however,  and  beyond  it,  between  lat.  8*  and  9*  ] 
negative  signs  are  much  more  clearly  visible.  This  region  and  1 
bridge  we  wiU  now  consider  in  greater  detail,  in  the  case  of  Adam's 
with  the  help  of  the  observations  of  Foote,  supplemented  by  tJi 
Christopher  and  Branfill,  and  by  the  ancient  poems  K 

We  meet  here,  at  various  levels,  with  horizontal  beds  of  limeBtoa 
calcareous  sandstone  containing  the  shells  of  existing  moUnscan  f 
One  of  the  most  important  areas  is  the  Eudung  Eulam  plateau,  mto 
little  to  the  north-east  of  cape  Comorin ;  it  is  a  table-land  about  thre 
meters  in  length,  surrounded  by  sand  dunes,  and  reaching  a  height  < 
meters ;  this  is,  so  far  as  I  know,  the  greatest  height,  as  ascertaii 
measurement,  at  which  these  deposits  occur  in  the  south  of  the  peo 
Most  of  the  patches  by  which  they  are  represented  occur  at  very  inco 
able  heights,  and  Foote's  opinion  that  they  were  formed  by  a  late 
of  the  n^ative  movement  finds  support  in  the  observations  made  ii 
places.    Corals  do  not  appear  to  occur  in  these  deposits,  but  on  the 
itself  and  on  some  of  the  adjacent  islands  the  upper  part  of  the  con 
lies  high  and  dry,  covered  with  sand  and  soil    Precisely  similar  con 
occur  in  some  parts  of  the  island  of  Ceylon.    In  the  interior,  says  Rich 
they  are  not  exposed  at  the  surface,  but  the  inhabitants  often  o] 
quarries  in  the  coral  limestone  beneath  the  fields.    The  north  of  Ce^ 
particular  is  said  to  be  entirely  imderlain  by  coral  formations^. 

A  dead  coral  reef,  according  to  Foote,  forms  the  island  of  Rames^ 
its  surface  reaches  a  height  of  at  least  +  3  meters  and  probablj 
This  island  forms  one  of  the  points  of  attachment  of  that  remarka] 
which  is  known  as  Adam's  bridge.  From  the  dune-covered  coast 
peninsula  this  long  mound  proceeds  first  to  the  south  side  of  the  ] 
waram  reef,  and  in  this  part  of  its  course  there  occurs  near  Ptoil 
artificially  widened  channel  which  has  long  served  as  a  passage  foi 
So  long  ago  as  1484  (1480  ?)  the  canal  is  said  to  have  been  destroy 
a  storm,  as  has  since  happened  on  several  occasions;  under  the  I 
government  it  has  been  deepened.     The  friable  calcareous  sandstone 

*  R.  Bruce  Foote,  On  the  Geology  of  South  Travancore,  Rec.  Geol.  Surv.  Indi 
XVI,  p.  30 ;  On  the  Geology  of  the  Madura  and  Tinnevelley  District,  Mem.  Gee 
India,  1883,  XX,  pp.  46  and  55-74,  map ;  Lieut.  Christopher,  Accounts  of  Adam*8 
Trans.  Bombay  Geogr.  Soc,  1846,  VII,  pp.  130-133 ;  B.  R.  Branfill,  Phyaiogi 
Notes  on  Tanjore,  &c.,  Journ.  Asiat.  Soc.  Bengal,  1878,  XL VII,  2,  p.  187. 

*  F.  von  Richthofen,  Bemerkungen  Ober  Ceylon,  Zeitschr.  deutsch.  geoL  Gei 
XII,  p.  529 ;  also  Schlagintweit,  Reise  in  Indien  und  Hochasien,  1869, 1,  p.  147  (d 
of  the  whole  of  Hindustan). 
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bar  breaks  up  into  great  rectangular  blocks,  and  this  no  doubt  gave  rise  to 
the  belief  that  it  is  a  colossal  causeway  of  artificial  construction.  From 
Rameswaram  the  mound  curves  to  the  south-east ;  at  first  it  is  a  sandy  spit 
sixteen  kilometers  in  length,  very  flat  and  at  the  time  of  the  south-east 
monsoon  partly  submerged.  Then  a  gap  begins  and  continues  for  thirty 
kilometers,  but  troubled  by  many  banks  of  shifting  sand ;  on  this  follows 
a  broader  bend  which  almost  reaches  the  island  of  Ceylon.  Everywhere  it 
presents  the  same  friable  calcareous  sandstone.  This  bar  is  the  scene  of  one 
of  the  most  beautiful  episodes  in  the  great  epic  of  R&m&yana. 

The  hero  Rama,  accompanied  by  his  true-hearted  spouse  Sita,  endures 
many  years  of  exile  in  the  woods  and  deserts  of  southern  India.  Then  Sita 
is  carried  off  by  R&vana,  the  king  of  Lanka  (Ceylon).  Rama  goes  forth  to 
wage  war  against  Lanka  and  to  recover  his  faithful  wife ;  he  will  throw 
a  bridge  across  the  sea ;  the  '  people  of  the  forest  who  have  the  form  of  apes 
and  fight  with  trunks  of  trees  and  pieces  of  rock '  are  his  nimierous  and 
mighty  alliea  The  host  encamps  on  the  strand.  Lost  in  contemplation, 
Rama  with  his  army  gaze  on  the  vast  ocean;  disturbed  and  as  though 
kindled  by  the  wind  the  world  of  waters  resembles  the  sea  of  air,  and  the 
air  the  Ocean ;  far  away  on  the  horizon  heaven  and  sea  merge  into  one 
another,  the  one  adorned  with  stars,  the  other  with  pearla  For  three  nighte 
the  never  yet  conquered  Rama  lingers  in  deep  meditation  on  the  strand 
waiting  until  the  god  of  the  sea  shall  appear  to  him.  Impatient,  he  seizes 
at  last  his  bow,  and  shaking  the  earth  as  it  were,  looses  flaming  arrows  like 
living  fire  into  the  abysses  of  the  sea ;  so  does  Indra  hurl  his  lightning. 
The  waves  rise  like  the  moimtains  of  Vindhya  and  the  monsters  of  the  deep 
fly  terrified  to  the  sea-god.  The  god  appears ;  his  colour  is  like  the  dark 
lazure  stone,  sparkling  with  gold.  He  speaks  to  Rama  and  says :  '  It  was 
thine  ancestor  S&gara  who  hollowed  out  for  me  my  bed;  therefore  am  I 
called  S&garide,  the  Lord  of  the  Streams.  I  cannot  suffer  a  bridge  across 
my  waters,  lest  others  should  see  that  I  may  be  overcome.  But  if  thou 
wiliest  to  throw  up  a  dam,  the  ape  Nala  may  construct  it ;  neither  the 
creatures  of  the  deep  nor  storms  shall  hinder  thee,  and  I  will  hold  back  the 
waves  for  thy  sake  and  Nala's.' 

The  command  is  given  and  hundreds  and  thousands  of  strong  apes  begin 
the  work.  They  tear  up  trees  by  their  roots  and  throw  them  covered  with 
blossom  into  the  sea,  and  upon  them  bushes  and  creepers,  and  then  great 
blocks  of  rock  and  again  trees  and  then  again  rocks.  So  the  dam  is  raised ; 
Rama,  his  brother  Lacsmana,  and  with  them  Sugriva,  Hanumat  and  all  the 
other  doughty  warriors  of  the  army  of  apes,  march  over  the  dam  to  the 
decisive  battle  ^. 

'  Foote,  On  the  Geology  of  South  Travancore,  Rec.  Geol.  Sun\  India,  1883,  XX,  p.  74 ; 
Ramayana,  Poema  aanacritto  di  Yalmlci,  tradutto  per  G.  Gorreeio,  8vo,  Paris,  1856, 
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ThoB,  long  before  the  beginning  of  our  aera,  the  poet  deacribes  the 
of  the  bar.  As  long  as  the  Ocean  endores,  he  says,  so  long  will  thi 
exist  and  the  fame  of  Rama.  Even  at  the  present  day  a  number  oi 
isolated  islands  are  called  Nalasetn,  ie.  the  bridge  of  Nala;  the  i 
town  of  India  is  called  Ramnad  and  its  governor  bears  the  title  of  Se 
or  governor  of  the  bridge. 

It  is  possible  that  some  commnnieation  between  the  island  and  the 
land  may  have  once  existed,  and  have  been  afterwards  destroyed  by 
the  mighty  storms  of  the  Indian  Ocean ;  this  might  easily  have  ha] 
independently  of  any  change  in  the  relative  level  of  the  strand.  A 
band  of  recent  alluviom  derived  from  the  mainland  has  been  de 

4 

against  the  north  side  of  the  bar.  There  is  so  much  sand  on  this  coi 
the  dunes  cover  it  far  and  wide.  On  the  recent  alluvium  an  imj 
river,  the  Vygah,  is  completely  smothered  up  by  its  own  sediments  ai 
not  again  find  its  way  to  the  light  till  it  is  close  to  the  sea.  The  t 
Ramnad  stands  on  this  same  strip  of  alluvial  land,  which  is  evidentl; 
recent  than  the  western  part  of  the  bar  between  the  mainland  a 
island  of  Rameswaram.  The  negative  movement  which  left  expo 
corals  of  Rameswaram  as  well  as  those  of  Ceylon  had  perhaps  U 
make  itself  felt  even  before  the  formation  of  the  existing  bar. 

The  marine  deposits  of  the  littoral  region  were  closely  connecb 
a  calcareous  sandstone  which  has  hitherto  only  furnished  fossil  wo 
which  extends  from  here  far  to  the  north  along  the  coast;  this 
Chiddalore  aandstone.  In  Trichinopoli,  north  of  Madras,  and  nortt 
rapidly  advancing  delta  of  the  Eistna  we  meet  with  shells  of  a  bo 
water  character  in  deposits  many  miles  distant  from  the  existing 
a  proof  that  the  influence  of  the  sea  made  itself  felt  far  towards  the  i 
On  the  shores  of  lake  Chilka  in  the  district  of  Orissa  (lat.  19"  4ff  I 
of  Cytherea  casta  and  Area  granooa  are  to  be  seen  twenty  to  thi 
above  high  tide ;  neither  species  lives  at  present  in  the  lake ;  C 
casta  still  lives  in  the  estuary  further  down  the  valley  ^. 

Negative  signs  thus  appear  around  the  whole  of  the  Indian  pei 
even  the  earlier  observers  perceived  the  magnitude  of  this  phen< 
and  in  1850  Buist  concluded  that  the  whole  of  the  northern  hen 
must  have  been  afiected  by  *  general  vibrations  ^.' 

IX,  lib.  V,  Sundaracanda,  pp.  182, 141, 185-192 ;  for  the  distinction  between  caosi 
bridge,  p.  362,  note  91.    Here  I  am  indebted  to  Professor  Bdhler  for  kind  infon 

»  H.  F.  Blanford,  Mem.  GeoL  Soc.  India,  1862,  IV,  p.  19;  Foote,  On  the  G 
Structure  of  the  East  Coast  from  lat.  15°  N.  to  Masulipatam,  op.  cit.,  1879,  X 
et  seq. ;  Schlagintweit,  Zeitschr.  f.  allg.  Erdk.,  alte  Reihe,  V,  p.  163;  W.  T.  '. 
Geological  Structure  and  Physical  Features  of  the  Districts  of  Bancoorah,  M: 
and  Orissa,  Bengal,  Mem.  Geol.  Surv.  India,  1859,  I,  p.  275,  and  Sketch  of  the 
of  Orissa,  Rec.  Geol.  Surv.  India,  1872,  V,  pp.  59,  61  et  seq.  Neumayr  que 
granosa  in  fresh  water  from  Yang-tse-kiang ;  Neu.  Jahrb.  Min.,  1883  b,  p.  22. 

'  G.  Buist,  On  the  general  Vibration  or  Descent  and  Upheaval  which  seems  at 
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On  the  east  coast  of  the  golf  of  Bengal  the  negative  signs  reappear. 
Apart  from  contradictory  accounts  relating  to  the  immediate  neighbourhood 
of  the  mud  volcanos.  we  find  on  the  west  coast  of  Ched/ibba  a  littoral  forma- 
tion and  Pholas  borings  at  a  height  of + 20  feet,  and  according  to  Richthof en 
various  signs  of  negative  movement  occur  at  MavJ/meva,  On  the  volcanos 
of  Barren  island  and  Narcondam  nothing  similar  is  to  be  seen,  but  on  the 
eoasts  of  the  southern  Avda/man  islands,  according  to  R.  D.  Oldham,  relict 
strand-lines  are  clearly  marked.  Notwithstanding  this,  the  same  observer 
remarks  that  no  perceptible  displacement  of  the  strand  has  occurred  since 
the  time  when  the  kitchen  middens  near  port  Mouat  began  to  accumulate, 
that  is  during  a  period  which  must  be  measured  by  hundreds,  perhaps  even 
thousands  of  years  ^. 

On  some  of  the  Nicohar  islands  exposed  coral  reefs  may  be  seen ;  Bink 
describes  one  on  Bambuca ;  the  negative  movement  must  have  amounted  to 
at  least  sixty  feet ;  towards  the  sea  the  reef  terminates  in  a  steep  cliff;  its 
foot  is  fringed  by  a  living  reef  «. 

On  the  other  hand  the  accounts  at  my  disposal  with  regard  to  the 
eoasts  of  Siunatra  are  very  doubtful  \  For  Java  they  are  much  more  defi- 
nite, but  here  the  negative  movement  did  not  exceed  +  10  or  at  most  15 
meters.  Jimghuhn  has  collected  all  the  data  referring  to  the  south  coast, 
but  the  displacement  in  poet-Tertiary  times  is  estimated  at  not  more  than 
twenty  to  twenty-five  feet  For  the  exposed  reef  of  T)i-Laut-urun  (II, 
p.  820)  Richthof  en  gives  a  height  of  +  40  feet.  On  the  east  coast  Stohr 
mentions  a  recent  coral  reef  at  a  height  of  +  15  meters  \    Further  east  it 

geological  Period  to  have  occurred  all  over  the  Northern  Hemisphere ;  Joom.  Asiat.  Soc. 
Bengal,  1850,  XIX,  p.  300. 

^  P.  von  Richthofen,  Zeitschr.  deutsch.  geol.  Gea.,  1862,  XIV,  p.  367 ;  F.  R.  Mallet, 
The  Mad  Volcanos  of  R&mri  and  Cheduba,  Bee.  GeoL  Surv.  India,  1878,  XI,  p.  190 ;  The 
Volcanos  of  Barren  Island  and  Narcondam,  Mem.  Geol.  Surv.  India,  1885,  XXI,  4,  p.  15 
(the  supposed  traces  of  recent  elevation  in  Barren  island  are  not  reallj  such) ;  R.  D. 
Oldham,  Notes  on  the  Geology  of  the  Andaman  Islands,  Rec.  GeoL  Surv.  India,  1885, 
XVIII,  pp.  143-145. 

'  H.  Rink,  Die  Nikobarischen  Inseln,  8vo,  Eopenhagen,  1847,  pp.  82,  109;  F.  von 
Hochstetter,  Beitrftge  zur  Geologie  und  physischen  Geogpraphie  der  Nikobar-Inseln : 
Beise  S.  M.  Fregatte  Nopara,  4to,  Vienna,  1866,  II,  p.  98. 

'  Wherever  the  Tertiaiy  formation  has  been  studied  in  detail,  as  in  the  island  of  Nias, 
no  elevated  coral  beds  are  mentioned ;  e.  g.  Verbeek,  Jaarb.  M^jnw.  Ned.  0.  Ind.,  1876, 
rV,  1,  p.  18.  But  according  to  Jack,  Darwin  has  quoted  them  from  Nias ;  Coral  Reefs,  p.  178. 

«  Junghuhn,  Java,  8vo,  Leiden,  1850,  II,  2,  pp.  1486-1448;  E.  StOhr,  Het  r^'sen  der 
oofltkust  van  Java,  Natuurk.  Tidschr.  v.  Nederl.  Ind.,  1867,  XXIX,  pp. 76-81 ;  J.  ^geman. 
Over  het  r^sen  der  kusten  van  Oostel^k  Java  en  Madoera,  op.  cit.,  1868,  XXX,  pp.  248- 
284;  Richthofen,  Ueber  Mendola-Dolomit,  etc.,  Zeitschr.  deutsch.  geol.  Ges.,  1874,  XXVI, 
pp.  289-250 ;  StOhr,  Die  Provinz  Banjuwangi  in  Ost-Java,  Abh.  Senckenb.  naturf.  Ges., 
1874,  IX,  p.  49  et  seq.  On  the  upper  course  of  the  Serajoe  river  in  the  Dieng  mountains, 
Edeling  has  described  terraces  which  he  compares  to  the  parallel  roads  of  Lochaber ; 
Staring  has  shown  that  they  are  the  result  of  repeated  landslips  which  blocked  the 
river ;  Edeling,  Natuurk,  Tidschr.  v.  Nederi.  Ind.,  1865,  XXVIII,  p.  395 ;  W.  C.  H.  Staring. 
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becomes  more  and  more  difficult  to  determine  which  of  the  numerous 
observations  refer  to  Tertiary,  which  to  Quaternary  or  even  more  recent 
formations,  since  there  is  scarcely  any  indication  of  the  age  of  these  deposits 
after  we  pass  the  Miocene  period.  This  is  particularly  true  of  the  aooounts 
relating  to  Borneo,  Celebes,  and  the  Baruia  islands.  Even  in  the  case  of  the 
Mediterranean  it  is  scarcely  possible  in  the  present  state  of  our  knowledge 
to  arrive  at  any  definite  conclusions  as  to  the  precise  horizon  which  corre- 
sponds to  the  high-level  shell-beds  of  Sweden ;  the  difficulties  are  still 
greater  in  the  West  Indies,  where,  as  in  the  Mediterranean,  traces  of  negative 
movement  are  visible  one  above  the  other,  reaching  back  into  the  Tertiary 
area;  here,  where  exact  investigation  has  scarcely  commenced,  and  the 
Tertiary  beds  similarly  occur,  we  cannot  venture  at  present  to  draw  any  con- 
clusions ^  It  has  been  stated,  for  instance,  that  Aaru  is  a  great  exposed 
platform  with  mountains  formed  of  late  Tertiary  beds  rising  from  it ;  bat 
we  neither  know  the  exact  age  of  these  beds  nor  can  we  tell  where  to 
place  the  recent  platform  among  the  many  phases  which,  as  Europe  shows 
us,  have  succeeded  each  other  since  the  close  of  the  Tertiary  aera.  It  is 
certain  that  at  many  places  exposed  coral  beds  occur  here  and  also  sub- 
merged forests,  produced,  as  in  so  many  other  cases,  by  a  sliding  down  of 
the  coast  land.  Thus  Junghuhn  states  that  in  1820,  probably  during  the 
long-continued  eruptions  of  the  adjacent  volcano  of  Apea,  a  fragment  of  the 
little  island  of  Wai,  which  forms  one  of  the  Banda  group,  sank  so  far  thit 
the  tops  of  the  trees  growing  upon  it  did  not  reach  the  level  of  the  ground 
which  had  remained  standing^. 

Formations  indicating  negative  movement  are  continued  towards  the 
north;  it  will  suffice  to  refer  to  the  works  published  by  Drasche  and 
Montano  on  the  Philippines  and  by  Bichthofen  on  Formosa.  But  I  see  no 
means  of  determining  the  age  of  these  formations ;  nor  is  it  possible  to  in&ke 
any  definite  statement  with  regard  to  the  height  of  the  beds,  since  some 
observers  have  certainly  included  Tertiary  limestones  among  them  \ 

With  regard  to  Siam  we  have  no  information ;  the  account  of  Pallegoix 
adduced  in  proof  of  an  elevation  of  the  land  refers,  according  to  his  own 

Over  oude  meer-oeverbanken  op  Java,  Versl.  en  Mededeel.  Akad.  Amsterdam:  Afi 
Natuurk.,  1866,  2.  R.,  I,  pp.  845-S48. 

^  Information  as  to  this  region  will  be  found  in  Reinwardt,  Poggendorff*8  Ann^  1^ 
II,  p.  444 ;  A.  R.  Wallace,  On  the  Physical  Geography  of  the  Malay  Archipelago,  Joam 
Roy.  Geogr.  Soc.,  1863,  XXXIII,  pp.  222  et  seq. ;  A.  S.  fiickmore,  Reisen  im  OstindiscbeB 
Archipel,  translated  into  German  by  Martin,  8vo,  Jena,  1869,  pp.  71,  185,  288,  S^s. 
Dr.  A.  B.  Meyer,  of  Dresden,  has  had  the  kindness  to  send  me  his  observationi  oa 
north  Celebes. 

*  Junghuhn,  Java,  II,  2,  p.  1435. 

'  Cuming,  in  Darwin,  Coral  Reefs,  p.  178 ;  von  Drasche,  Luzon,  pp.  9,  47,  61  et  paauB: 
Montano,  Arch,  des  Miss,  scient.,  1885,  XI,  p.  271  (elevation  of  the  east  coast  ci 
Mindanao  and  of  the  gulf  of  Davao) ;  Richthofen,  Zeitschr.  deutsch.  geol.  Ges^  I^ 
XII,  pp.  539,  545. 
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statement,  to  the  formation  of  land  by  silting  up.  The  structure  of  the 
alluvial  land  on  the  lower  Mekong  (II,  p.  170)  shows  that  no  important 
change  has  taken  place  in  recent  times.  Bastian,  however,  mentions  that 
Schomburgk  encountered  specimens  of  existing  marine  shells  at  a  height 
of  +  60  feet  close  to  Anghin  on  the  lower  Menam  in  the  interior  of  the 
country.  According  to  Ratte,  Bocourt  found  at  a  considerable  height  above 
Bangkok  marine  shells,  in  particular  Area  granosa,  associated  wiUi  species 
which  occur  at  the  mouth  of  the  river,  and  the  Abb^  Montrouzier  is  said  to 
have  observed  marine  deposits  containing  recent  shells  at  some  distance 
from  the  sea.  Whether  in  some  cases  these  observations  may  have  been 
made  on  kitchen  middens  it  is  scarcely  possible  to  say  ^ 

With  the  exception  of  the  regions  just  mentioned  which  are  little  known, 
the  whole  coasts  of  India  and  Further  India  clearly  reveal  along  their  whole 
course  an  originally  higher  level  of  the  strand-line.  This  is  particularly 
true  of  the  Indian  peninsula,  where  a  Tertiaiy  border  is  absent;  in  the 
immediate  proximity  of  cape  Comorin  marine  post-Tertiary  deposits  occur  at 
a  height  of  +  48-5  meters.  Further  east  the  traces  of  negative  movement 
still  continue,  even  as  far  as  the  Philippines  and  Formosa,  but  in  these 
eastern  regions  and  particularly  around  the  sea  of  Banda  a  Tertiary  border 
is  everywhere  present  and  the  precise  age  of  the  several  beds  is  unknown. 

5.  Coastsof  the  Polynesian  islanda  arid  Australia.  All  that  has  been  said 
of  the  islands  of  the  sea  of  Banda  is  equally  true  of  New  Ouinea.  Numerous 
traces  of  negative  movement  are  to  be  seen,  but  the  recent  deposits  have  not 
been  clearly  distinguished  from  those  of  Quaternary  or  Tertiary  age. 
Wallace,  who  spent  three  months  on  Dorey,  in  the  north  of  New  Guinea, 
states  that  this  long  and  low  promontory  is  entirely  formed  by  a  recent 
coral  reef,  and  that  coral  reefs  occur  up  to  a  height  of  +  200  or  800  feet 
without  any  perceptible  change  in  their  structure.  In  Fergusson  island, 
close  to  the  south-east  coast,  Moresby  saw  great  masses  of  coral  reef  adjacent 
to  the  volcanic  rock,  about  100  feet  above  the  sea^ 

These  negative  indications  are  continued  on  the  adjacent  islands,  as  may 
be  shown  by  a  few  examples  : — 

In  Catharine  bay,  New  Ireland  (lat.  S""  ir  S.),  the  coast,  according  to 

^  Pallegoix,  Description  da  royaume  Thai  ou  Siam,  8vo,  Paris,  1854,  I,  p.  115; 
A.  Bastian,  Die  Hydrogpraphie  Hinterindiens,  Peterm.  Mitth.,  1866,  XII,  p.  457; 
F.  Katte,  Notes  sar  rindo-Chine,  Bull.  Soc.  g^ol.  de  Fr.,  1876,  3«  s^r.,  IV,  p.  519. 

*  A.  R  Wallace,  Notes  on  a  Voyage  to  New  Guinea,  Journ.  Roy.  Greogr.  Soc,  1860, 
XXX,  p.  178;  J.  Moresby,  Discoveries  in  Eastern  New  Guinea,  op.  cit,  1875,  XLV, 
p.  156.  Miklouho-Maclay  says  that  on  the  Maclay  coast  marine  shells  occar  in  greenish 
clay ;  Wilkinson  compares  the  clay  with  the  Tertiaiy  clay  of  Yule  island ;  according  to 
Brazier,  however,  only  living  species  occur  in  the  latter;  N.  de  Miklouho-Maclay, 
Evidences  of  the  Rising  of  the  Maclay  Coast  in  New  Guinea,  Proc  Linn.  Soc.  N.  S.  W., 
Sidney,  1885,  IX,  p.  956  et  seq.  At  Anuapata,  New  Guinea,  mollusca,  *  similar  to  the 
existing  mollusca,*  are  said  to  occur  at  a  height  of  600  feet ;  Stone,  Proc.  Roy.  Geogr. 
Soc,  1876,  XX,  p.  381. 
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Schleinitz,  descends  in  many  places  sheer  into  the  sea  from  a  height  o. 
to  twenty  meters.    Cavities  hoUowed  oat  by  the  sea  may  be  clearly 
abont  five  to  ei^t  meters  above  the  existing  sea-level,  and  we  '  prol 
have  here,  as  in  New  Hanover  and  the  western  parts  of  New  Irelan 
elevated  coral  reef,  although  the  colour  and  structure  of  the  rock,  so  f 
can  be  recognized  from  some  distance  off,  point  rather  to  sandstone.' 
strand-lines  on  the  Solomon  idands  have  already  been  mentioned  (II,  p. 
In  the  New  Hebrides,  according  to  Hoeken,  negative  indications  nu 
seen  on  almost  every  island.     Around  Tanna  a  relict  strand-line  lies  f 
to  thirty  feet  above  high  tide,  and  the  difb  are  frequently  undercut,    j 
the  south  coast  of  Elrromango  five  distinct  terraces  extend  as  far  as  tb 
can  reach ;  Sandwich  island  ascends  in  terraces  to  the  foot  of  the  vo 
mountains  of  the  interior ;  Deception,  Hat,  Lopevi,  Star  peak.  Mot 
Saddle  islands  show  similar  features ;  the  lowest  terrace  on  the  : 
corresponds  to  the  flat  country  of  the  coast.    Pentecoste  does  not  exhil 
terraces  so  clearly,  but  ancient  coral  rock  is  met  with  fairly  high  up  to 
the  interior  of  the  island.    The  great  terraces  of  the  Loyalty  islands 
already  been  mentioned,  as  well  as  the  presence  of  marine  Tertiary  b 
VUi  Lew,.    The  western  ToTkga  islands,  according  to  Schleinitz,  are 
a  tabular  form,  covered  with  vegetetion,  and  present  steep  sides  whi 
undercut  at  the  sea-level  ^. 

The  fragmente  of  table-land,  the  terraces,  and  strand-lines  thus  < 
from  the  sea  of  Banda  and  New  Guinea  to  those  isolated  tabular  1 
surrounded  by  a  barrier  reef  and  a  lagoon,  which  are  met  with  hei 
there  in  the  midst  of  the  Pacific  Ocean,  as  far  as  the  remote  Hen 
island.  Far  in  the  north,  too,  exposed  coral  reefis  are  to  be  seen  in 
and  Honolulu  is  partly  formed  of  coral  rock  *.  Only  very  general  < 
tions  of  the  strand-line  could  leave  behind  such  extensive  iudicaticms  c 
presence. 

Let  us  again  turn  our  attention  to  New  Guinea. 

Tenison  Woods  has  examined  the  molluscs  from  the  friable 
limestone  of  Yvle  idandy  New  Guinea,  and  describes  them  as  more 
than  the  middle  Miocene  of  South  Australia,  but  still  Tertiary ;  he  poi 
how  strange  it  is  that  evidence  of  elevation  of  the  land  is  so  freqi 
New  Guinea  while  absent  from  the  east  coast  of  Australia  ^.  But  1 
must  be  remembered  that  the  marine  Tertiary  deposits  which  exten< 

^  Captain  von  Schleinitz,  Die  Expedition  S.M.S.  Gazelle,  Ann.  d.  Hydrograph: 
IV,  p.  865 ;  Lieut.  Hosken,  Remarks  abont  the  New  Hebrides  Group,  GeoL  Msj 
2nd  Ser.,  HI,  p.  82. 

*  Of.  Coan's  statement  in  Coral  Reefs  of  Hawaii ;  Note  in  Am.  Jonm.  ScL,  1< 
Ser.,  VIII,  p.  466. 

'  J.  £.  Tenison  Woods,  On  a  Tertiary  Formation  at  New  Guinea ;  Proc  Li 
N.S.W.,  1878,  II,  pp.  125-128  and  267. 
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the  soaih  coast  of  Australia  through  Bass  strait  to  the  southern  part  of 
North  Gippsland  have  yet  never  been  encountered  on  the  east  coast  of  the 
Australian  continent,  nor  on  the  east  coast  of  Tasmania,  and  thus  it  seems 
probable  that  a  recent  fracture  extends  along  the  whole  length  of  these 
coasts  (n,  p.  162). 

The  west  coast  of  Australia,  although  as  yet  but  little  explored,  has 
already  yielded  shell-beds  at  Fremantle  (lat.  82''  S.)  which  indicate  negative 
movement.  Their  fauna  is  marked  by  tropical  characters,  and  in  this  con- 
nexion it  is  interesting  to  observe  that  the  existing  fauna  at  Perth  approaches 
the  Indian  rather  than  the  Australian  type  \ 

The  great  development  of  barrier  reefs  which  distinguishes  New  Guinea 
and  the  surrounding  regions  is  also  a  well-known  characteristic  of  the 
coasts  of  Australia.  In  the  north-west  the  living  coral  reefs  with  their 
steep  slopes  extend  as  far  as  Ritchie  reef,  the  northern  end  of  which  lies  in 
lat.  20''  16'  S. ;  and  on  the  east  coast.  Wide  bay,  north  of  Moreton  bay,  marks 
the  entrance  to  the  channel  within  the  Great  Barrier  reef ;  the  reef-build- 
ing corals  extend  here  somewhat  south  of  lat.  28''  S.^  So  far  as  these 
barrier  reefs  extend,  both  in  the  north  and  in  the  south,  all  negative  move- 
ment at  the  present  day  is  excluded ;  a  movement  in  the  opposite  direction 
seems  more  probable.  All  the  traces  of  negative  movement  which  occur 
within  the  barrier  reef  are  older  than  the  reef  itself.  In  north  Australia, 
however,  such  traces  are  extremely  rare  ;  I  know  only  of  one  instance,  the 
occurrence  of  sea  caves  in  sandstone  above  high-water  mark  observed  by 
Rattray  on  Albany  islcmd  in  the  extreme  north-east.  Insular  formations 
consisting  of  piled  up  fragments  of  coral  limestone,  but  not  rising  more  than 
twenty  feet  above  low  water,  such  as  form  the  island  of  Raine,  for  instance, 
cannot  be  regarded  with  certainty  as  indications  of  negative  movement, 
especially  in  the  light  of  what  is  known  as  to  the  height  of  the  storm 
beaches  on  atolls  K  Daintree  states  that  no  recent  elevation  of  any  impor- 
tance is  to  be  recognized  on  the  coasts  of  Queensland  \ 

In  the  south,  wherever  Tertiary  deposits  are  present,  we  also  have 
accounts  of  comparatively  recent  negative  movements.  With  regard  to 
Gippsland,  observers  agree  in  stating  that  at  some  late  period,  which  is 
termed  Pliocene,  the  sea  extended  over  a  large  part  of  the  colony,  reaching 
according  to  Howitt  a  height  of  800,  according  to  Murray  of  900  feet,  and 

'  J.  £.  Teniaon  Woods,  On  the  extra-tropical  Corals  of  Australia,  Proc  Linn.  Soc. 
N.8.W.,  1870.  II,  p.  296. 

*  Hydrographical  Notice,  1879,  No.  14,  Ann.  d.  Hydrographie,  1880,  VIII,  p.  156. 
Elinbeth  reef,  90  sea  miles  NNW.  of  Lord  Howe  island,  lat.  29**  b&  S.,  is  an  atoll  with 
a  lagoon ;  Hjdrographical  Notice,  1878,  No.  20,  Ann.  d.  Hydrographie,  1878,  VI,  pp. 
424-426. 

'  A.  Baltraj,  Geology  of  Gape  Yoi^  Peninsula ;  Quart  Jonni.  QeoL  See.,  1869,  XXV, 
pp.  298,  808. 

^  Daintree,  Quart.  Joum.  Geol.  Soc.,  1872,  XXVIII,  p.  278. 
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further,  that  since  then  the  land  has  been  laid  dry  by  repeated  oedlk 
movements  which  possibly  still  continue  at  the  present  day.  The  negi 
indications  in  Victoria  are  so  striking  as  to  have  impressed  Brough  Si 
with  the  belief  that  the  whole  Australian  continent  is  experiencing  a  ti 
movement,  such  as  was  supposed  at  that  time  to  be  also  taking  place  in  $ 
dinavia  and  Greenland ;  he  thought  that  the  south  was  rising  and  the  i 
sinking  about  a  neutral  axis  situated  somewhere  near  latitude  30°  S.  A 
has  collected  many  accounts  of  the  strand-lines  and  terraces  of  the  « 
Rawlinson  describes  three  stages  one  above  the  other  on  the  coast  c 
western  district  of  Victoria,  and  a  fourth  is  probably  in  process  of  fc 
tion  *. 

When  Hochstetter,  in  1869,  made  his  observations  on  the  terracei 
recent  littoral  deposits  of  New  Zealand,  he  was  astonished  at  their  n 
blance  to  those  of  Europe.  '  We  must  admit,'  he  wrote  in  1864,  '  thi 
complete  concordance  of  the  successive  elevations  and  depressions,  recog 
on  both  sides  of  the  Atlantic,  with  the  post-Tertiary  movements  in 
Zealand,  is  a  fact  remarkable  and  surprising  in  the  highest  d^ree,  su 
cannot  fail  to  give  rise  to  manifold  conjectures  V 

The  description  given  by  Cox  of  the  inland  terraces  around  la) 
Anau,  and  that  by  McKay  of  the  coast  terraces  of  the  east  Wair 
district,  testify  to  the  resemblance  of  these  terraces  with  those  of  Nor 

It  is  not  necessary,  however,  to  cite  the  nimierous  individual  ohf 
tions,  since  they  have  been  collated  by  Hutton  in  a  general  si 
According  to  this  author  we  find,  as  we  proceed  from  north  to  souti 
following: — (i)  on  the  river  Thames,  near  Auckland,  a  seashore  with 
at  a  height  of  + 10  to  12  feet ;  (ii)  below  the  town  of  Tauranga,  at  a  I 
of  about +  25  feet;  (iii)  at  Taraniki,  beds  with  recent  shells  at  a  heij 
150  feet ;  (iv)  littoral  terraces  at  the  mouth  of  Cook  strait  at  a  hei| 
more  than  200  feet ;  (v)  on  the  west  coast  of  the  South  island  compara 
recent  terraces  at  a  height  of  220  feet,  according  to  another  stateme 
to  400  feet ;  (vi)  at  Amiiri  bluff  three  terraces  with  recent  shells  at  a  1 

*  Howitt,  Quart.  Journ.  Geol.  Soc.,  1879,  XXXV,  p.  34 ;  R.  A.  F.  Murray,  Geo 
Survey  of  Gippsland,  RusseU's  Creek  Goldfield,  Rep.  Geol.  Surv.  Victoria,  ISi 
pp.  39-47 ;  R.  Brough  Smyth,  The  Gold  Fields  and  Mineral  Districte  of  Victori 
Melbourne,  1869,  p.  11 ;  J.  E.  Woods,  Geological  Observations  in  South  Austral] 
London,  1862,  p.  205  et  seq. ;  T.  E.  Rawlinson,  Notes  on  the  Coast-Line  Forma* 
the  West  Districts  and  Proofs  of  the  Uniform  Conditions  of  Meteorological  Phes 
over  Long  Periods  of  Time,  Trana  Proc.  Roy.  Soc.  Victoria,  1878,  XFV,  pp.  25-34  (b 
Warnembool  and  Belfast). 

'  F.  von  Hochstetter,  Reise  der  Osterreichischen  Fregatte  Navara,  4to,  Wien, 
Geologischer  Theil,  I,  p.  265. 

'  S.  H.  Cox,  Report  on  the  Geology  of  the  Te  Anau  District,  Geol.  Surv.  New  Z< 
1877-1878,  Wellington,  1878,  p.  118;  A.  McKay,  The  Southern  Part  of  East  U« 
District,  op.  cit.,  1878-1879,  p.  85 ;  Crawford,  (Cook  strait,)  Trans.  Proc.  N.  Z.  Inst 
XVII,  p.  342. 
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of  500  feet;  (vii)  in  north  Canterbury  marine  shells  up  to  150  feet;  (viii) 
fine  mud  with  isolated  marine  shells  at  a  height  of  800  feet  on  Banks 
peninsula,  and  (ix)  at  500  to  600  feet  at  Oamani.  On  the  south-west  coast 
the  mouths  of  the  fjords  are  terraced  as  in  Scandinavia  up  to  a  height  of 
about  800  feet.  In  the  most  northerly  part  of  New  Zealand,  the  height  at 
which  such  terraces  are  known  to  occur  is  but  slight ;  towards  the  south  it 
increases  considerably. 

Hutton  had  previously  shown  that  the  fauna  of  these  shell-beds  is  very 
closely  allied  with  that  of  the  present  day.  New  Zealand  extends  from  lat. 
34''  to  47^  S.  and  the  existing  moUusca  of  its  north  coast  are  altogether 
different  from  those  of  the  south  coast.  In  Cook  strait  the  forms  are  inter- 
mingled, with  a  predominance  of  the  northern  species,  i.  e.  those  inhabiting 
the  warmer  seas.  The  extensive  shell-beds  of  Wanganui,  Cook  strait,  which 
are  described  as  *  Pleistocene,'  have  yielded  ninety-one  species,  of  which 
eighty-one  are  known  to  occiu*  in  the  existing  seas  of  New  Zealand  ;  fifteen 
of  these  species  appear  to  be  absent  from  the  coasts  of  Ot&go,  but  it  is 
probable  that  they  still  exist  in  Cook  strait.  On  the  other  hand  these  shell- 
beds  contain  Pecten  radiatus,  a  species  which  only  exists  at  present  iu 
Foveaux  strait,  and  may  be  regarded  as  an  immigrant  from  a  colder  region. 
Beneath  the  shell-beds  there  lies  blue  clay  regarded  as  '  Pliocene/  with 
ninety-eight  species  of  moUusca,  of  which  only  seventy-seven  live  in  the  New 
Zealand  seas ;  among  the  species  which  still  exist  are  many  from  the  north, 
but  with  them  the  same  Pecten  radiatus  and  the  little  Drillia  laevis  of 
Foveaux  strait,  which  is  so  small  that  if  it  occurs  further  north  it  may  easily 
have  been  overlooked  *. 

In  considering  the  coasts  of  Australia  and  Polynesia  we  must  leave  out 
of  account  the  east  coasts  of  Australia  and  Tasmania,  which  appear  for 
many  reasons  to  be  a  fractured  margin  of  recent  age  presenting  no  indica- 
tions of  negative  movement.  With  this  exception  such  indications  are 
everywhere  present,  often  even  within  the  barrier  reefs.  In  many  cases  they 
extend  from  New  Guinea  through  the  groups  of  islands  to  Henderson  and 
Oahu.  If  with  Darwin  we  regard  the  living  coral  reefs  as  a  proof  of 
positive  movement,  then  we  must  admit  that  this  is  everywhere  more  recent 
than  the  signs  of  negative  movement.  On  the  south  coast  of  Australia, 
particularly  in  Victoria,  these  negative  indications  are  much  more  important, 
and  attain  greater  heights  than  on  the  shores  of  warmer  seas ;  it  has  been 
definitely  shown  that  in  New  Zealand  a  considerable  increase  of  elevation 
takes  place  as  we  approacli  the  south. 

6,  West  coobt  of  South  America,  In  the  volcanic  group  of  the  Cfald- 
pagoe  the  islands  are  separated  from  one  another  by  considerable  depths. 

^  F.  W.  Hatton,  Sketch  of  the  Geology  of  New  Zealanl,  Quart.  Journ.  Geol.  Soc.,  1885, 
XLI,  p.  212 ;  Did  the  Cold  of  the  Glacial  Epoch  extend  over  the  Soathero  Hemisphere  ? 
Geol.  Mag.,  1875,  dec.  2,  II,  pp.  580-588. 
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Poartalte  has  observed  several  species  of  reef-building  corals  as  far  as 
southemmoet  island  and  beyond  the  region  of  the  warm  current;  they  ^ 
always  found  to  occur,  however,  as  loose  fragments,  although  the  possibi 
of  drifting  from  a  distance  is  ahnost  excluded.  T.  Wolf  emphatically  de 
the  existence  of  all  signs  of  elevation  of  these  islands,  L  e.  of  any  nega 
movement  ^ 

On  the  coast  of  Ecuador  and  as  far  as  Peru  the  sea,  according  to  V 
has  cut  a  plain  of  erosion  in  the  sandstone  10  to  100  meters  broad,  w 
serves  as  a  natural  road  for  long  distances  and  renders  it  possible,  at 
time  of  lowest  ebb,  to  walk  around  the  steep  promontories.  We  have  aln 
mentioned  that  Bibra,  David  Forbes,  and  Darwin  himself,  observed  an 
graves  and  buildings  on  the  west  coast  of  South  America,  so  near  to  thi 
that  no  important  change  can  have  affected  the  strand-line  in  this  re 
for  many  centuries;  Wolfs  statements  relating  to  Elcuador  confirm 
view  as  applied  to  the  regions  lying  further  north.    A  letter  received  : 
this  enthusiastic  observer  informs  me  that  on  the  peninsula  of  Santa  E 
province  of  Ouayaquil,  there  are  deposits  containing  marine  shells  of  € 
ing  species,  and  bones  of  Madodon  Andium.    Thus  indications  of  neg 
movements  in  earlier  times  are  not  wanting  ^. 

Further  south,  throughout  Peru,  Chili,  and  as  far  as  the  soui 
extremity  of  the  continent,  signs  of  negative  movement,  and  particu 
terraces,  present  so  striking  an  appearance  that  they  have  attractec 
attention  of  observers  for  many  years  past    The  distinct  terracing 
in  the  east  and  west  of  South  America  led  Darwin  to  the  conclusion 
the  whole  continent  from  the  south  up  to  about  lat.  80^  S.  was  undei] 
an  intermittent  elevation,  and  he  attempted  as  early  as  1888,  foUowin 
views  and  observations  of  that  time,  to  find  some  original  connexion  bet 
the  volcanos,  the  earthquakes,  and  the  terraces  of  South  America  (11,  ] 
A.  d'Orbigny  concluded  in  1843  that  these  terraces  afford  eviden 
a  spasmodic  elevation  affecting  the  whole  continent,  just  as  Kjerul 
later  in  the  case  of  Norway.     In  1848  Domeyko  also  recognized  the 
similarity  between  these  terraces  and  those  of  Norway,  and  concluded 
it  that  the  causes  of  the  phenomenon  must  have  been  active  simultane 
in  both  hemispheres  (II,  p.  17)  ^. 

^  Pourtales,  Corals  of  the  Galapagos  Isles,  Am.  Joum.  Sci.,  1875,  3rd  Ser.,  X,  { 
T.  Wolf,  Zeitschr.  f.  d.  ges.  Naturw.,  1880,  LlII,  p.  281. 

'  T.  Wolf,  torn,  cit.,  pp.  282  et  seq.  J.  S.  Wilson  believed  he  had  seen  seven 
level  terraces  at  the  mouth  of  the  river  Esmeralda ;  they  are  said  to  contain  tm 
human  occupation  below  high-water  level,  and  from  this  he  inferred  a  recent  subs 
of  the  land ;  this  observation,  however,  is  regarded  as  doubtful ;  Quart.  Joum 
Soc.,  1866,  XXII,  pp.  567-570.  Cf.  also  Zeitschr.  deutsch.  geoL  Ges.,  1877,  : 
pp.  412-415. 

'  C.  Darwin,  On  the  Ck>nnexion  of  certain  Volcanic  Phenomena  in  South  Americs 
1838),  Trans.  Geol.  Soc,  1840,  V,  pp.  505-510;  A.  d'Orbigny,  Compt  rend.,  1843, 
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It  is  particularly  difficult  to  form  any  opinion  on  this  question.  Perma- 
nent elevation  of  coastal  regions  originating  simultaneously  with  earth- 
quakes has  not  been  proved  (I,  p.  95).  The  presence  of  marine  amphipods 
in  lake  Titicaca,  the  discovery  of  corals  having  a  very  recent  appearance  at 
heights  of  from  2,900  to  3,000  feet,  and  the  existence  of  salt  lagoons  at 
between  7,000  and  12,500  feet  have  been  adduced  as  so  many  proofs  of  an 
extremely  recent  elevation,  but  the  objections  to  this  conclusion  have  already 
been  urged  (I,  p.  540).  All  these  questions  may  be  regarded  as  definitely 
disposed  of,  and  we  will  now  devote  ourselves  exclusively  to  a  closer 
consideration  of  the  terraced  land. 

The  first  difficulty  which  confronts  us  here  is  the  presence  of  inland 
terraces  and  marine  terraces  in  the  same  region.  The  Huaraz  and  the 
upper  Marafion  are  bordered  by  river  terraces,  as  are  all  the  numerous 
rivers  which  descend  from  the  Andes;  from  Cbilo^  onwards  the  country 
apparently  reproduces  all  the  most  important  features  of  the  Norw^ian 
coast.  The  great  ranges  lie  so  near  the  sea  that  in  many  cases  their  ddbris 
extends  down  to  the  shore ;  and  the  numerous  observations  of  travellers  on 
the  terraced  land  do  not  always  enable  us  to  discover  whether  they  refer  to 
true  strand-lines  of  the  sea,  or  to  the  lower  stages  of  those  inland  terraces, 
which  may  be  traced  far  up  the  river  valleys. 

On  other  coasts  the  presence  of  sea-shells  has  furnished  us  with  a  criterion 
on  this  point.  But  this  also  must  be  used  with  caution,  on  the  one  hand 
because,  as  David  Forbes  remarks,  sea-shells  are  carried  up  to  heights  by 
birds,  a  circumstance  also  pointed  out  by  Steenstrup  and  Nordenskiold  in 
the  north,  and  on  the  other  hand  because  it  is  precisely  here,  and  more 
particularly  in  the  south,  that  kitchen  middens  occur  on  a  large  scale. 
Marine  animals,  and  especially  shell-fish,  stiU  form  the  staple  food  of  many 
coastal  tribes  in  the  south-west  of  America.  On  the  coast  of  Llanquihue  in 
south  Chili,  as  Captain  Qormaz  relates,  crowds  of  women  go  down  to  the 
sea,  towards  the  time  of  low  tide,  provided  with  pointed  sticks  and 
baskets. 

At  once  the  sea-birds  flock  together,  uttering  shrill  cries.  The  house- 
dogs and  pigs,  frequently  even  the  domestic  fowl,  come  down  to  gather  the 
food  which  is  offered  so  liberally  by  the  sea.  In  some  islands,  such  as 
Chilo^  and  Nao,  the  pigs  are  employed,  like  truffle-dogs,  to  look  for  bivalves 
buried  in  the  sand.  The  men,  however^  only  take  part  in  this  work  just 
before  the  times  of  the  solstices  and  equinoxes,  which  are  well  known  to 
them,  with  a  view  to  providing  a  store  for  use  during  storms  ;  this  they  do 
by  making  artificial  beds  of  shells  at  the  level  of  neap  tides.  A  bed  of 
bivalve  shells,  covered  thickly  with  vegetation,  borders  tiie  strand  north  of 

p.  401 ;  Domejko,  M^moire  sur  le  terrain  tertiaire  et  lee  lignes  d'ancien  niveaa  de 
VOc^an  dn  Sad  aux  enTirons  de  Coqaimbo,  Chili,  Ann.  des  Mines,  1848,  4*  t^r.,  XIY, 
pp.  158-162. 
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Coihuin,  not  far  from  Puerto  Montt,  at  a  height  of  about  five  meters  ab 
the  sea;  this  consists  chiefly  of  the  shells  of  Venus  cineraeea,  a  spe 
which  still  forms  the  daily  food  of  the  population,  and  it  must  certainly 
regarded  as  an  artificial  accumulation  ^ 

Such  stores  of  food  are  called  cholehefi.  In  Possession  bay,  Patagc 
L.  AgassuE  came  across  a  brine  pool  at  a  height  of  nearly  160  feet  above 
sea ;  its  saltness  was  more  than  twice  as  great  as  that  of  sea- water,  an< 
depth  in  the  rainy  season  from  three  to  four  feet.  It  contained  ma 
shell-fish,  both  living  and  dead.  Agassiz  concluded  that  at  a  veiy  re 
period,  i.  e.  within  the  lifetime  of  these  animals,  the  land  must  have  i 
150  feet  It  seems  to  me,  however,  much  more  probable  that  the  pool 
a  cholchefl,  notwithstanding  its  height  above  the  sea  K 

The  inhabitants  of  Chilo^,  according  to  Fonck,  carry  these  shell-fisi 
into  the  interior.  In  1854,  when  some  Germans  who  had  settled  on 
neighbouring  continent  for  the  first  time  visited  the  shores  of  lake  I 
quihue,  the  country  was  covered  for  many  miles  around  by  a  dense  fc 
Yet  they  found  kitchen  middens  of  this  kind,  together  with  iron  implem 
clay  vessels,  and  other  objects,  beneath  overgrown  ground  at  a  heigl 
300  feet  above  the  sea  or  even  more.  We  know,  however,  that  in 
a  large  part  of  the  native  population  was  carried  off  by  an  epidemic, 
Fonck  conjectures  that  the  remainder  fled  into  the  interior  of  the  oou: 
Thus  the  age  of  the  forest,  now  covering  the  ancient  settlements,  cann< 
more  than  two  or  three  himdred  years  \ 

In  all  cases  where  these  kitchen  middens  occur  in  a  somewhat  s< 
climate,  whether  in  south  Chili,  Oregon,  or  even  Greenland,  their  si 
marked  by  luxuriant  vegetation  due  to  the  presence  of  fertilizing  re 
It  cannot  be  denied  that  a  number  of  the  shell-beds  cited  by  Darwin  a 
artificial  origin.  Darwin  felt  this  himself  and  did  not  conceal  his  do 
As  proof  we  may  mention  the  bed  of  Venus  and  oysters  which  he  obs€ 
in  Chili  at  a  height  of  350  feet  in  a  blcick  peat-like  earth,  covered  by 
forest ;  beneath  it  he  found  the  horn  of  a  deer,  Cervu8  humilis.  The  1 
earth  itself  in  which  the  shells  are  found  in  so  many  localities,  espe< 
near  Valparaiso,  does  not  resemble  a  marine  deposit;  when  crun 
between  the  fingers  it  emits  an  evil  odour  recalling  a  mixture  of  soi 
guano,  and  its  general  character  is  that  of  a  terrestrial  soil.  So  caref 
observer  as  Darwin  could  not  even  at  that  early  period  overlook  these  : 
but  since  a  microscopic  investigation  of  the  earth  revealed  the  presen 
numerous  small  fragmentary  remains  of  marine  animals  his  suspicions 

'  Capt.  Gormaz,  Esploracion  de  la  costa  de  Llanquihe,  An.  Univ.  Chile,  1872, 
pp.  2S5,  253,  361 ;  Mem.  de  la  marina  de  Chile,  1872,  pp.  203  et  seq. 

«  L.  Agassiz,  Nature,  1872,  VI,  p.  229  (in  the  New  York  Tribune). 

'  F.  Fonck,  Naturwissenschaftliche  Notizen  Uber  das  sadliche  Chile ;  Peterm.  1 
1866,  XII,  p.  467. 
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allayed.  This  fact  has  not,  however,  the  importance  Darwin  attributed 
toit^ 

When  we  have  really  succeeded  in  distinguishing  inland  terraces  from 
marine,  and  kitchen  middens  from  shell-beds  formed  by  the  sea,  we  find 
ourselves  confronted  by  a  fresh  difficulty,  as  yet  by  no  means  overcome ; 
this  consists  in  the  different  age  of  the  shell-beds,  the  determination  of 
which  is  associated  on  this  coast  with  questions  of  a  peculiar  nature. 

On  the  south-east  coast  of  America,  the  Tertiary  formations  of  Patagonia 
extend  in  horizontal  beds  for  more  than  twenty  degrees  of  latitude,  main- 
taining the  same  characters  from  their  boundary  in  the  south  up  to  the 
basin  of  the  Parang  in  the  north;  marine  deposits  alternate  with  terrestrial. 
According  to  Doering's  observations  we  have  first  a  lower  marine  stage, 
perhaps  of  Eocene  age  (Piso  Parane^ise),  then  terrestrial  deposits  which 
contain  some  mammalian  remains  resembling  those  of  the  Oligocene  fauna 
of  Europe ;  above  this  a  second  marine  stage,  perhaps  of  the  upper  Oligo- 
cene (Piso  Patdgoniea),  then  come  the  latest  Tertiary  deposits  found  in  this 
region,  which  are  all  terrestrial.  Next  follows  an  interval  which  corre- 
sponds to  a  period  of  denudation,  and  this  finally  is  succeeded  by  the  post- 
Tertiary  or  quer-Andinian  marine  stage,  the  deposits  of  which  ascend 
higher  and  higher  towards  the  south  above  the  existing  sea-level  (II, 
p.  307). 

This  series  of  deposits  reveals  oscillations  of  the  strand-line  of  extreme 
regularity  extending  over  a  long  period.  The  existence  of  successive 
terraces  on  the  west  coast  would  lead  us  to  infer  that  similar  phenomena 
had  occurred  there  within  the  limits  of  the  Tertiary  aera.  But  whereas  in 
the  east  there  is  an  extensive  plain  of  Tertiary  sediments  built  up  in  alter- 
nate series  and  extending  far  beyond  the  Pampas,  in  the  west,  on  the  other 
hand,  only  small  patches  occur  scattered  in  various  latitudes  and  separated 
from  each  other  by  wide  intervals. 

In  the  existing  seas  the  mollusca  of  the  west  coast  of  South  America 
differ  completely  from  those  of  the  east  and  from  those  of  the  Atlantic 
generally.  The  south  end  of  the  continent  now  forms  a  definite  boundary. 
Nevertheless  Alcide  d'Orbigny  found  a  species,  Trochus  coUaris,  at  Navidad 
in  Chili  (lat.  33''  54^  S.),  which  belongs  to  the  Patagonian  Tertiary  of  the  east ; 
some  years  later  Sowerby  identified  in  Darwin's  collection  from  Navidad 
five  or  six  species  which  also  occur  in  the  Tertiary  beds  of  the  east ;  and 
this  number  has  been  raised  to  nine  or  ten  by  Philippics  investigations. 

'  C.  Darwin,  Geological  ObservationB,  2nd  ed.,  1876,  pp.  234,  242.  Hahn  shares 
Darwin^  doubts  with  regard  to  Chilo^ ;  Hahn,  Untersachungen  Ober  das  Aufsteigen  und 
Sinken  der  KQsten,  p.  91.  P.  Germain  even  believes  that  all  the  shell-beds  mentioned  by 
Darwin  in  this  region  are  nothing  but  kitchen  middens ;  Germain,  Observations  sur  les 
mouvements  du  sol  dans  I'archipel  de  Chiloe,  Compt.  rend.,  1883,  XCVI,  pp.  1806-1808. 
The  kitchen  middens  are  also  described  by  D.  Lovisato ;  Appnnti  etnografici  con  ace. 
geologici  sulla  terra  di  Fuoco,  Cosmos,  edited  by  G.  Cora,  VIII,  p.  97  et  seq. 
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While  studying  this  western  Tertiary  deposit^  however,  Philippi, 
undisputed  authority  on  the  fauna  of  the  Mediterranean,  arrived  at  a 
remarkable  result,  for  he  found  UuU  the  Tertiary  moUuaca  of  C^i  pr 
a  greater  re9embla7i4:e  to  those  of  the  Mediterranear^than  toihoee  nowli 
of  the  coast  of  Chili.  Chenopus,  Conus,  Terelnra,  Cassis,  Cypraea,  Solaj 
Thracia,  Corbula,  and  many  other  genera  which  distinguish  the  Atl 
region  and  particularly  the  Mediterranean  sea  and  its  Tertiary  dep 
are  present  in  the  Tertiary  of  Chili,  but  absent  from  its  existing  seas  \ 

Thus  isolated,  this  fact  may  appear  extremely  strange,  but  it  is 
nected  with  a  series  of  observations  which  have  already  engaged  oar  b 
tion.     We  have  seen  that  the  marine  Trias  while  surrounding  the  F 
Ocean  maintains  a  uniform  character,  in  Chili  the  Jurassic  presents 
with  European  characters,  so  does  the  lower  Cretaceous  in  Bogoti,  an 
middle  Cretaceous  in  Jamaica ;  in  the  Tertiary  deposits  of  the  West  I 
the  Oligocene  corals  of  Castel  Qomberto  occur,  and  the  Orbitoides  lime 
marks,  there  as  in  Malta,  the  base  of  the  Miocene ;  and  finally  even  thi 
Mediterranean  stage  of  Europe  is  indicated  in  the  same  region  by  a 
Echinoids.     These  are  the  traces  of  the  ancient  central  Meditem 
which,  during  the  Mesozoic  and  lower  Tertiaiy  aera,  extended  parallel 
the  equator ;  and  the  European  stamp  borne  by  the  Tertiary  depos 
Chili  shows  that  the  isolation  of  this  region  did  not  take  place  until 
paratively  recent  times,  probably  about  the  middle  or  towards  the  e 
the  Tertiary  aera.    It  was  Philippi  who,  more  than  half  a  century 
laid  the  foundations  of  our  knowledge  concerning  the  Tertiary  faui 
the  Mediterranean ;  he  showed  how  the  northern  immigrants  made 
appearance  as  the  forms  of  a  warmer  climate  retreated,  and  that  the  ex 
fauna  of  the  Mediterranean  is  the  most  recent  term  of  a  series  of  antec 
faunas.     His  work  has  served  as  a  starting-point  for  those  various  in 
gations  which  have  slowly  and  gradually  revealed   the   history  o 
Mediterranean  in  its  main  outlines.    After  a  lapse  of  many  year 
opportunity  was  afforded  him  of  applying  his  observations  in  the  Me 
ranean  to  a  study  of  the  succession  in  Chili ;  but  in  this  case  he  ai 
at  a  very  unexpected  result.    Instead  of  a  serial  succession  of  allied  f 
closing  with  the  existing  fauna  as  its  last  term,  he  found  first  a  fan 
Mediterranean  affinities,  then  a  complete  change  of  character ;  the  Me 
ranean  fauna  disappears  and  its  place  is  taken  by  a  younger  fauna,  des( 
as  Quaternary,  and  this,  though  imperfectly  known,  is  evidently  ide 
in  its  general  characters  with  that  of  the  coast  of  Chili  at  the  present 
finally  the  existing  fauna  completes  the  series. 

In  Europe  the  prevalence  of  a  cold  climate  is  regarded  as  markin 


^  K  A.  Philippi,  Die  tertiaren  und  quart^ren  Versteinerungen  Chile's,  4to,  L* 
1«87,  p.  257. 


CH.  xm]  CHILI  527 

Quaternary  period.  The  gradual  maimer  in  which  the  northern  species 
increase  m  number  in  the  English  Crag  renders  it  improbable  that  tUs 
period  commenced  suddenly  ;  we  know  that  great  alternations  of  tempera- 
ture occurred,  and  that  the  last  negative  movements  are  more  recent  than 
the  culmination  of  the  glacial  episode.  The  succession  of  the  marine 
faunas  in  Chili  is  characterized  by  an  event  of  quite  another  kind,  that  is, 
the  disappearance  of  the  fauna  possessing  a  European  character.  As  to  the 
cause  of  this  disappearance  we  are  at  present  very  much  in  the  dark ;  it 
may  have  been  due  to  a  negative  displacement  of  the  strand-line  and  con- 
sequent isolation  of  the  west  coast,  or  possibly  to  the  closure  of  the  isthmus 
of  Panama  by  volcanic  eruptions,  or  it  may  perhaps  have  resulted  from  the 
first  appearance  of  the  cold  Humboldt  current,  which  at  present  follows  the 
west  coast,  or  some  other  circumstance  may  have  been  involved ;  possibly 
indeed  it  was  the  conjoint  effect  of  more  than  one  cause.  It  is  not  impos- 
sible that  this  event  may  have  actually  coincided  with  the  incoming  of  the 
glacial  epoch,  but  we  have  no  evidence  on  this  point,  and  thus  it  remains 
an  open  question  whether  the  terms  Tertiary  and  Quaternary  as  applied  in 
Chili  really  possess  the  same  significance  as  in  Europe. 

It  is  evident,  xmder  these  circumstances,  that  the  method  of  determining 
the  relative  age  of  deposits  by  the  percentage  of  living  species  does  not 
hold  here,  for  all  those  sediments,  which  were  anterior  to  the  phase  marked 
by  the  disappearance  of  the  European  types,  contain  so  small  a  number  of 
existing  Chilian  species  that  they  must  by  this  criterion  be  assigned  to  the 
Eocene.  This  in  fact  is  the  position  accorded  them  both  by  Sowerby  and 
Fhilippi.  The  comprehensive  works  of  Philippi  give  for  the  living  forms 
found  in  the  Tertiary  deposits  the  following  results :  at  Coquimbo,  which 
has  furnished  89  species,  only  2*5  per  cent.,  at  Navidad  (291  species)  1  per 
cent.,  at  Levu  (153  species)  1*5  per  cent  Thus  at  the  present  day  the 
ancient  character  has  completely  disappeared.  But  no  exact  determination 
of  age  can  be  based  on  these  facts. 

On  the  east  coast  of  Patagonia  the  intercalated  terrestrial  faunas  afford 
material  for  a  classification  nearly  approaching  that  of  Europe ;  assuming 
of  course  that  terrestrial  faunas  which  contain  representative  species  of  the 
European  are  really  synchronous  with  the  latter.  In  Chili  we  do  not 
possess  the  means  of  determination ;  not  unimportant  differences  distinguish 
the  marine  Tertiary  faunas  of  different  localities,  as  is  the  case  with  the 
existing  marine  faunas  in  different  latitudes.  Of  the  89  Tertiary  species 
occurring  at  Coquimbo  and  Ouayacan  (lat.  80**  S.)  only  7  to  10  occur  at 
more  southerly  points  of  the  west  coast,  and  we  can  hardly  say  whether 
this  is  due  to  a  difference  in  climate  or  age,  or  to  some  other  circum- 
stance. On  the  other  hand  Philippi  lays  stress  on  the  fact  that  the  deposits 
at  Santa  Cruz,  Patagonia  (lat.  50*"  S.),  closely  resemble  those  of  the  east 
coast,  as  well  as  those  of  Navidad  on  the  west  coast  (lat.  38**  54'  S.).    The 
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species  in  oommon  appear  to  me  to  definitely  indicate  Doering's  Piso  I 
ganiea,  which  is  doubtfolly  assigned  to  the  upper  Oligooene. 

I  am  not  aware  of  any  attempt  so  far  to  discover  an  equivalent  oi 
European  Miocene  or  Pliocene  on  the  coast  of  Chili  or  Peru. 

Now  at  length,  after  these  various  discussions  on  the  earthquake 
Chili,  the  irrelevance  of  inland  terraces  and  kitchen  middens,  as  well  a 
significance  of  the  terms  Tertiary  and  Quaternary  as  applied  to  Chil 
may  venture  to  consider  more  closely  some  particular  localities  along 
extensive  line  of  coast. 

Between  Mejillones  and  Autofagasta  (lat  23''  to  28*  88'  S.)  an  ind« 
dent  segment  of  the  littoral  cordillera  running  north  and  south  1 
a  prominent  feature  of  the  coast.    In  the  north  it  rises  into  the  Mot 
Mejillones  (885  meters)  and  in  the  south  into  the  Morro  Morena  ( 
meters) ;  a  belt  of  land  not  more  than  60  or  70  meters  in  height  i 
this  mountain  fragment  with  the  mainland,  or  more  precisely  witl 
Cerro  Gordo,  the  most  westerly  range  of  the  cordillera.      Some  o 
channels  eroded  in  the  fianks  of  the  Morro  de  MejiUones  contain 
siderable  quantities  of  guano,  and  under  the  guano,  on  the  lower  8 
Wilhelm  Krull  has  observed  at  various  altitudes  the  relics  of  the  ai 
shores,  consisting  of  horizontal  beds  of  sand  with  marine  shells  imd 
pebbles,  which  sometimes  form  a  discontinuous  terrace  \    At  my  n 
Herr  Krull  has  been  good  enough  to  investigate  all  the  traces  of  ai 
strand-lines  on  the  Morro  and  to  determine  their  height.    I  extrai 
following  from  communications  he  has  been  so  kind  as  to  send  me. 

The  Morro  de  Mejillones  is  a  granite  mass  elongated  meridio 
seen  from  either  north  or  south  its  outline  is  narrow  and  conical,  bu< 
west  or  east  broad  and  dome-like.  This  rounded  mass  is  surmount 
a  broad  ridge,  elongated  in  the  same  direction,  which  descends  in  te: 
especially  on  its  Dorth-east  and  eastern  sides ;  at  its  foot  lies  a  broad 
some  200  feet  above  the  level  of  the  sea.  It  is  in  the  ravines  which  f 
the  Morro  at  a  great  height  that  the  guano  occurs,  covered  over  by  c 
a  circular  railway  runs  round  the  mountain  just  below  the  gufuio  ] 
a  height  of  about  1,900  or  1,930  feet ;  out  of  one  of  the  ravines  about ! 
tons  of  good  guano  was  extracted.  Below  the  railway  the  first  indie 
of  *  a  periodic  retreat  of  the  sea  or  of  an  apparently  spasmodic  eleva< 
land  are  to  be  seen.'  Krull  distinguishes  several  zones  or  shore-li 
heights  of  1,640  to  1,600,  1,430,  1,050  to  950,  730,  430,  360  to  350,  IJ 
60  to  60  feet.     Marine  shells  are  said  to  occur  up  to  a  height  of  1,4? 

'  Domejko,  Apuntes  sobre  el  deposiio  de  guano  de  Mejillones,  sacad.  d.  I. 
escritas  por  el  Doct.  Don  Guill.  Krull,  etc.,  An.  Univ.  Chile,  1878,  p.  449.  At 
Diaz  (lat.  24°  25'  S.)  Philippi  observed  shells  at  a  height  of  280  meters :  unfort 
the  J  are  lost;  R.  A.  Philippi,  Die  sogenannte  Wilstc  Atacama,  Peterin.  Mitth 
II,  p.  56. 
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(435  meters).  On  the  lower  slopes  the  deposits  of  guano  are  inconsider- 
able ;  at  present  guano  is  in  process  of  formation  at  the  northern  point  of 
the  peninsula,  quite  low  down  at  the  sea-leveL 

Even  if  some  of  these  successive  strand-lines  are  not  very  sharply 
marked  or  definitely  established,  yet  it  is  clear  from  KruU's  observations  that 
in  this  locality ,  where  there  are  no  inland  terraces  whatever,  the  strand-line 
once  stood  at  a  very  high  level,  and  was  affected  by  a  lengthy  series  of 
displacements  with  a  negative  preponderance ;  further,  that  the  Monro  was 
in  all  probability  a  guano  island  at  the  time  the  strand-line  stood  at  its 
bluest  level.  This  accords  with  the  fact  that  the  avian  remains  found  in 
the  guano  are  probably,  as  Philippi  is  inclined  to  think,  those  of  an  extinct 
species. 

Along  the  railway  from  Mejillones  to  the  Cerro  Qordo,  the  height  of 
which  is  not  far  short  of  that  of  the  Morro,  Ejrull  has  found  whole  beds  of 
shells.  Philippi  states  that  Vidal  Qormaz  obtained  Quaternary  shells  from 
the  Cerro  Qordo  at  a  height  of  500  meters ;  these  all  belong  to  living  species 
such  as  Solen  Dcmnbeyi  and  the  little  sheik  NueuUa  Grayi  and  Cardita 
Semen,  three  forms  which  are  still  found  in  the  bay  of  Mejillones ;  with 
these,  however,  is  Cardivmh  ringene,  which  is  at  present  foreign  to  the 
Pacific  Ocean  and  has  its  home  on  (he  coasts  of  Africa  ^  This  isolated  but 
remarkable  fact  shows  that  the  ancient  beaches,  which  occur  at  a  high  level 
on  the  Morro  and  the  Cerro  Qordo,  were  formed  at  a  period  when  the 
Atlantic  fauna  had  not  yet  completely  disappeared  from  the  west  coast. 

Philippi  also  describes  Quaternary  shells  from  Mejillones,  but  without 
any  closer  indication  of  the  locality ;  out  of  nineteen  species  only  thirteen 
are  still  living,  so  that  the  proportion  of  extinct  species  is  far  higher  than 
we  are  accustomed  to  find  in  Quaternary  deposits. 

The  terraces  of  the  Caldera  near  Copiapo  (lat  2T  4'  S.)  and  of  Coquimbo 
(lat.  30"*  S.)  have  often  been  described.  Bemond  states  that  on  the  Caldera 
they  reach  a  height  of  150  meters ;  of  the  moUusca  they  contain,  Philippi 
has  identified  twenty-two  living  and  two  extinct  species  ^  At  Coquimbo 
the  Quaternary  sediments  begin  at  a  height  of  60  meters ;  they  rest  on 
Tertiary  beds  and  extend,  according  to  Darwin,  somewhat  higher  than  in 
the  surrounding  country,  namely  to  300  or  350  feet  (92*5  to  108  meters) ; 
Philippi  describes  forty-six  living  and  eight  extinct  species  from  this  locality. 

Between  the  Caldera  and  Coquimbo  lie  the  terraces  which  proceed  from 
the  transverse  valley  of  the  Huasco,  and  these,  as  shown  by  existing  accounts, 
are  of  inland  origin.  The  valley  of  the  Huasco,  like  all  the  transverse 
valleys  of  this  coast,  rises  steeply  from  the  sea ;  the  terraces,  which  extend 
as  far  as  the  shore,  rise  with  it.    As  far  as  the  town  of  Valleuar,  that  is,  to 

^  R  A  Philippi,  Die  sogenannte  Waste  Atacama ;  Petenn.  Mitth.,  1856,  II,  pp.  6  and  253. 
'  Remond,  Apuntes  Bobre  los  terrenos  terciarioe  i  ouatemarioe  de  Caldera  i  Coquimbo ; 
An.  UniY.  Chile,  XXXI,  1868,  pp.  416-419. 
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a  distance  of  about  fifty-three  kilometers  inland,  the  breadth  of  the  va 
amonnts  to  six  or  seven  kilometera  Here,  aooording  to  Mallard  and  Ft 
the  terraces  surround  the  town  like  a  great  amphitheatre,  sixteen  to  se' 
teen  kilometers  in  diameter.  Vallenar  lies  at  a  hei^t  of  518  meters ;  tl 
are  five  successive  terraces,  the  highest  at  a  level  of  650-4  metera  ] 
supposed  that  a  fjord  filled  with  dibtis  must  have  extended  nearly  to 
height  of  the  uppermost  stage ;  during  the  elevation  of  the  luid,  ram 
water  produced  one  terrace  after  another.  In  connexion  with  this  it  n 
be  observed  that  the  uppermost  terrace  does  not  rest  directly  against 
mountain,  but  is  separated  from  it  by  a  narrow  valley,  the  bottom  of  w 
corresponds  to  the  second  terrace.  (Consequently  this  uppermost  tenm 
a  spur,  such  as  is  not  produced  by  the  sea  ^. 

This  does  not  imply  that  the  strand  did  not  once  stand  here  at  a  very ! 
level ;  even  at  Valparaiso  (lat  82°  2'  S.)  Darwin  observed  shells  up  to  1 
feet,  and  with  somewhat  less  certainty  even  up  to  1,800  feet  (400  meters 
Cahuil  (lat  84''  29^  S.)  a  Quaternary  bed  at  a  height  of  only  four  or  five  mt 
contains,  according  to  Philippi,  five  extinct  along  with  thirteen  living  spi 

The  altitudes  of  all  the  terraces  in  Chili  known  up  to  the  year 
have  been  tabulated  by  Domeyko,  to  whom  our  knowledge  of  this  con 
is  so  largely  due;  his  table  includes  botti  marine  and  inland  ten 
Pissis  has  observed  the  necessity  of  distinguishing  between  these 
formations ;  he  assigns  a  height  of  only  forty  to  fifty  meters  to  the  m. 
terraces  between  the  parallels  of  81''  and  88^    The  inland  terraces  1 
high  levels  and  follow  all  the  windings  of  the  river  valleys,  whiL 
marine  terraces  are  horizontal,  contain  sea-shells,  and  narrow  awa] 
disappear  as  they  pass  into  the  transverse  valleys  '.    But  this  last  obs 
tion  of  Pissis  is  not  incompatible  with  the  existence  of  a  high-level  s 
line,  for  the  lower  river  terraces  are  more  recent  than  the  upper  m 
terraces  and  were  partly  formed  at  their  expense. 

The  longitudinal  valley  of  Chili,  about  700  meters  above  the  sea  i 
north,  sinks  lower  and  lower  towards  the  south,  but  no  great  river  i 
within  it  to  follow  the  foot  of  the  Andes,  like  the  Sacramento  oi 
Joaquin  in  California.  Drainage  takes  place  into  the  sea  througl 
numerous  transverse  valleys  of  the  coast  Cordillera.  The  peculifl 
of  the  valley  system,  the  traces  of  an  ancient  high-lying  valley-b 
in  the  north  and  its  intersection  by*  more  recent  transverse  ve 
as  well  as  its  continuation  southwards  to  the  Moraleda  channel, 
akeady  been  mentioned  (I,  p.  517).    Marine  deposits,  either  Tertia 

^  C.  Darwin,  Geological  Observations,  pp.  261-263;  Mallard  et  E.  Fuchs,  Noi 
quelques  points  de  la  geologie  du  Chili,  Ann.  des  Mines,  1873,  7*  ser.,  Ill,  pp. 
pL  ii,  fig.  3. 

'  Domejko,  Solevantamiento  de  la  costa  de  Chile,  An.  Univ.  Chile,  I860,  pp.  57 
Pissis,  Provincia  Aconcagua,  op.  cit,  1858,  p.  60. 
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Quatemary,have  never  yet  been  encountered  in  this  great  excavation.  In  the 
sediments  which  occupy  it,  Mastodon  Andiumi  and  plant  remwis  are  found 
It  was  once  a  series  of  inland  lakes  separated  from  one  another  by  ridges 
of  ancient  rocks,  like  the  lake  which  now  forms  the  southern  boundary  of 
the  bay  of  Reloncavi. 

Around  the  shores  of  these  ancient  lakes,  however,  and  eastwards  on  the 
slopes  of  the  Andes,  terraces  are  visible  up  to  a  considerable  height. 
Domeyko,  in  describing  his  ascent  of  the  volcano  Tinguiririca  from  San 
Fernando,  has  given  us  a  vivid  picture  of  these  inland  terraces  which  rest 
against  the  foot  of  the  Andes ;  three,  and  in  some  places  four,  level  terraces, 
covered  with  the  richest  vegetation,  rise  one  above  the  other.  Pissis  has 
traced  them  along  the  valleys  and  through  the  whole  province  of  Colchagua. 
He  observed  four  stages  in  the  valley  of  the  Cachapoal  from  Rancagua  to 
the  Bio  Cortaderal;  the  lowest  is  formed  by  the  plain  of  Rancagua  at 
a  height  of  550  meters ;  the  second  begins  at  the  confluence  of  the  Rio  de 
Cola  and  rises  to  a  height  of  974  meters  on  the  Rio  Cuncle,  where  the  third 
stage  begins ;  this  extends  to  the  confluence  of  the  Rio  de  los  Cipreses,  and 
on  this  river  it  occurs  at  a  height  of  1,200  meters.  The  fourth  stage  finally 
occurs  in  the  upper  region  where  the  river  takes  its  rise,  and  is  cut  through 
by  deep  gulches.  Thus  these  stages  rise  on  the  Cachapoal  to  a  very  con- 
siderable height,  and  the  origin  of  each  stage  corresponds,  according  to  Pissis, 
with  the  confluence  of  a  tributary.  This  is  also  said  to  be  the  case  on  the 
river  Tinguiririca  and  on  the  Teno.  The  Cachapoal  and  the  Tinguiririca 
unite  to  form  the  Rio  Rapel,  which  enters  the  sea  near  lat.  34"*  S.  in  the 
Tertiary  region  of  Navidad.  Only  six  leagues  from  the  coast,  terraces  are 
found  in  this  river  basin  at  heights  of  271  and  207  meters,  surrounding 
a  little  isolated  valley  \ 

Let  us  now  turn  our  attention  further  south. 

The  eastern  part  of  the  Andes  is  bordered  in  the  south  by  a  long  series 
of  lakes,  the  last  of  which^  the  Lago  Llavquihue,  is  situated  between 
lat.  40''  58'  and  41''  20^  S.  It  lies  only  forty-three  meters  above  the  sea,  and 
is  separated  from  the  gulf  of  Reloncavi  by  a  barrier  of  no  great  breadth ; 
the  gulf  is  the  northern  end  of  that  arm  of  the  sea  which  is  bounded  on 
the  west  by  the  island  of  Chiloe  and  the  Chonos  archipelago,  on  the  east 
by  the  Andes ;  it  has  long  been  regarded  as  the  submerged  prolongation 
of  the  great  valley  of  Chili. 

The  observations  of  Stolp  and  Fonck,  and  of  Oormaz  and  Juliet,  have 
made  known  a  number  of  remarkable  facts  relating  to  the  Lago  Llanquihue 
and  the  gulf  of  Reloncavi,  that  is  to  say,  the  very  region  in  which  the  exposed 
part  of  the  great  valley  ends  and  the  submerged  part  begins. 

1  Domeyko,  Estudio  del  relievo,  Sec,  An.  Univ.  Chile,  1875,  XLVIII,  pp.  51  and  60; 
Domeyko  i  Diaz  don  Wenceslao,  Excunion  jeolojica,  Ac,  op.  cit.,  1862,  p.  23 ;  Pissis, 
Provincia  de  Colchagua,  op.  cit,  1860,  p.  691* 
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Lake  Llanquihue  is  bounded  by  the  slopes  of  the  volcano  Osomo  oi 
east,  and  of  the  volcano  Calbuco  on  the  south-east ;  between  these  vole 
is  a  depression  l}4ng  chiefly  in  the  recent  ejectamenta  of  Osomo. 
depression  stretches  from  lake  Llanquihue  around  the  south  foot  of  Os 
to  a  second  and  somewhat  smaller  lake,  the  Lago  de  Todos  Santos,  w 
flanks  the  east  side  of  Osoma  The  surface  of  the  Lago  de  Todos  Sa 
lies  about  171  meters  above  that  of  lake  Llanquihue  and  consequent! 
a  height  of  214  meters  above  the  sea. 

There  is  at  present  no  communication  between  the  lakes.  The  Lag 
Todos  Santos  discharges  itself  by  the  rapidly  flowing  Rio  Petrohue  tc 
south  into  the  upper  end  of  the  long  fjord  of  Reloncavi,  while  the ! 
Llanquihue  sends  its  outflow  westwards  into  the  Ocean  by  the  Rio  Mai 

The  whole  west  and  north  side  and  a  large  part  of  the  south  side  of 
Llanquihue  are  formed  of  recent  alluvial  land  containing  no  oi^nic  ren 
and  divided  into  stages.     Gtormaz  distinguishes  six  terraces  at  he 
of  from  four  to  eighty  meters  above  the  lake,  that  is,  47  to  128  n 
above  the  sea.    Of  these,  the  fourth  terrace,  at  a  height  of  48^  n 
above  the  lake,  is  the  most  sharply  defined  and  the  most  constant.    J 
who  accompanied  Qormaz,  has  shown  that  lakes  Llanquihue  and  ' 
Santos  and  the  broad  marshy  region  of  Nadi  lying  west  of  Llanq 
probably  once  formed  a  single  sheet  of  water.    Juliet  ascribes  the  ex 
diflerence  in  the  height  of  the  two  lakes  to  the  simple  fact  that  th 
Petrohue  possesses  a  hard  bed  formed  of  volcanic  rocks,  and  cannot  c 
way  down  it  so  rapidly^  as  the  Maullin,  which  flows  over  less  res 
material  ^. 

Here  inland  lake  terraces  reach  the  immediate  neighbourhood  of  tl 

From  the  eastern  latitudes  no  Quaternary  or  more  recent  shell-bedi 
yet  been  made  known ;  the  beds  mentioned  as  occurring  in  Chiloe  ai 
southern  islands  are  either  of  Tertiary  age  or  they  are  kitchen  midd< 
at  least  suspected  to  be  such.  On  the  other  hand,  terraces  are  every 
well  developed  ;  whether  there  may  be  some  among  them  in  the  forr 
of  which  ice  has  played  a  part  is  not  known,  but  there  is  in  many  re 
an  evident  resemblance  between  the  features  of  this  region  and  th 
northern  Norway. 

Even  in  the  neighbourhood  of  Puerto  Montt  steps  occur  close  to  tl 
sometimes  cut  in  disintegrated  granite,  sometimes  in  volcanic  accumul. 


^  J.  Domejko,  Nuevas  investigaciones  acerca  de  las  gradas  en  qae  esta  coi 
terreno  terciario  de  la  costa  de  Chile,  An.  Univ.  Chile,  1862,  pp.  183-186,  an 
Vidal  Gonnaz,  Llanquihue,  Mem.  de  Marina,  1872,  p.  280,  and  An.  Univ.  Chil 
pp.  301,  305,  314,  318,  in  particular  p.  321 ;  C.  Juliet,  Mem.  de  Marina,  1872,  p.  3 
An.  Univ.  Chile,  1872,  p.  383.  In  illustration  of  the  preceding  I  refer  the  reade: 
map  of  the  bay  of  Reloncavi  by  Guill.  Cox  in  the  Journ.  R.  Greogr.  Soc.,  1864,  3 
p.  205,  and  to  that  of  C.  Martin,  Peterm.  Mitth.,  1880,  XXVI,  pi.  viii 
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or  again  in  Tertiary  lignite-bearing  beds.  East  of  Puerto  Montt,  towards 
Bio  de  Coihuin,  the  height  of  the  stages  has  been  measured  by  Qormaz  and 
Martin;  there  are  three  stages  up  to  a  height  of  109-9  meters,  then  the 
ground  ascends  gently  up  to  126-7  meters ;  the  uppermost  stage,  here  form- 
ing the  highest  part  of  the  country,  lies  at  a  height  of  149*7  meters  ^,  Fonck 
mentions  that  stages  are  not  only  visible  on  the  island  of  Tenglo,  but  also 
on  both  sides  of  the  channel  of  Chacao,  which  is  a  transverse  valley  \  At 
the  head  of  the  bay  of  Castro,  on  the  east  side  of  Chiloe  (lat.  42"*  25'  S.), 
three  distinct  stages  rise  on  both  sides  of  the  little  river  of  Qamboa  up  to 
a  height  of  about  500  feet  ^. 

That  part  of  the  coast  lying  further  south  now  exhibits  a  very  remark- 
able phenomenon.  Not  only  is  the  line  of  the  great  valley  continued 
through  the  bays  of  Reloncavi,  Chacao,  Corcovado,  and  still  further  through 
the  Moraleda  channel  to  the  straits  of  Magellan,  but  it  seems  as  though 
there  were  traces  of  an  ancient  system  of  transverse  valleys.  The  fjords  of 
the  east,  cutting  deeply  into  the  chain  of  the  Andes,  correspond  to  the 
channels  in  the  west.  The  channel  of  Chacao  corresponds  to  the  converg- 
ing incisions  of  the  Boca  de  Reloncavi  and  the  Boca  de  Bohodahue.  '  The 
valley  of  Huemules,'  says  Simpson,  'corresponds  to  the  Puluche  channel, 
the  Aysen  to  the  Agiiea,  the  Queulat  to  the  Ninualaca,  and  the  Palena  and 
Jictoc  to  the  Huaf  o,  as  though  in  other  times  they  had  been  straits  of  the 
sea  like  those  of  Magellan  ^.' 

Contemplating  the  map  of  the  Norwegian  fjords  we  are  almost  tempted 
to  imagine  that  an  approximation  to  the  same  arrangement  may  be  per- 
ceived there ;  the  manner  in  which  the  ancient  glacier  valley  of  the  Divi, 
for  example,  is  continued  to  the  Bals  fjord,  while  the  existing  valley  of 
erosion  turns  to  the  west,  is  so  strikingly  similar  as  to  arouse  a  suspicion 
that  some  deeper  connexion  underlies  the  resemblance. 

In  laU  46""  40^  S.  lies  the  Ldguna  de  San  Bafad.   The  great  peninsula  of 

^  Gormaz,  Llanqaiha^,  p.  198 ;  Mem.  de  Marina,  1872,  p.  198,  and  An.  Univ.  Chile,  1871, 
p.  70. 

*  F.  Fonck,  NatorwiBsenscliaftliche  Notizen  dber  das  stldliclie  Chile,  Peterm.  Mitth., 
1866,  p.  467.  I  have  passed  over  in  silence  the  alleged  subsidences  within  this  region, 
cited  by  many  authors,  since  in  the  nugority  of  cases  it  is  only  a  question  of  landslips ; 
in  the  best  known  example,  that  of  the  Laguna  di  San  Ramon,  in  which  a  new  lake  is  said 
to  have  been  formed,  a  spring  seems  to  have  appeared ;  the  case  has  been  discussed  by 
Gormaz,  An.  Univ.  Chile,  1872,  p.  280,  and  Mem.  de  la  Marina,  1872,  p.  195. 

'  C.  Darwin,  Geological  Observations,  p.  235. 

*  £.  M.  Simpson,  Esploracion  hidrogr&fica  de  la  Chacabuco ;  Mem.  de  la  Marina,  1872, 
p.  879,  and  An.  Univ.  Chile,  1872,  p.  427.  Simpson,  in  describing  his  exploration  of  the 
remarkable  lagoon  of  San  Rafael,  which  illustrates  the  cutting  off  of  a  branch  of  the  sea 
by  a  glacier,  mentions  the  traces  of  recent  subsidence  in  the  uppermost  parts  of  the 
channel  of  Moraleda.  The  evidence  is  found  in  the  submergence  of  a  forest,  but  in  this 
labyrinth  of  streams  secondary  alterations  of  the  water  level  may  be  explained  in  various 
ways ;  Simpson,  op.  cit,  p.  178. 
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Taytao  is  only  connected  with  the  mainland  by  an  isthmuB  of  recent  origii 
formed  by  sediments  brooght  down  by  the  glaciers  into  the  sea.     Withi 
this  isthmns  is  a  lagoon,  or  rather  a  lake,  of  nearly  dnmlar  ontline  and  ei^ 
to  nine  nautical  miles  in  diameter ;  towards  the  north  it  opens  into  the  sc 
by  a  narrow  channel,  and  on  the  east  receives  the  glacier  of  San  Bafai 
which  advances  as  a  long  tongae  of  ice  four  and  a  half  miles  into  tl 
water.    The  Jesuit  Garcia  visited  the  lake  in  1766,  and  more  recent^ 
Captain  Simpson  has  twice  crossed  it.    The  glacier  is  constantly  'calving 
and  the  fragments  of  ice  fall  down  with  a  crash  like  thunder,  awakenu 
echoes  among  the  mountains.    Its  activity  appears  to  be  greater  by  nig 
than  by  day.    The  waves,  says  Simpson,  retreat  as  before  an  earthqual 
and  then  break  in  surf  along  the  shore.    All  around  the  lake  the  waves  a 
actively  at  work,  and  the  destruction  of  its  banks  would  be  &r  greater 
these  were  not  to  some  extent  protected  by  vegetation.    At  a  distance 
one  nautical  mile  from  the  glacier  the  bottom  of  the  lake  was  not  reacl 
at  a  depth  of  108  meters  \ 

Within  the  narrow  straits,  terraces  are  seen  at  many  places ;  Copping 
mentions  those  in  the  FUzray  channd.  In  one  bay,  seven  nautical  mi 
west  of  the  bay  of  Mines,  there  are  two  terraces  so  regular  that  they  mi| 
be  taken  for  artificial  constructions  \ 

Thus  the  traces  left  by  the  sea  do  not  give  us  so  clear  and  connec 
a  picture  on  the  west  coast  of  South  America  as  on  the  east    Almost 
the  equator  even,  in  Guayaquil,  a  shell-bed  occurs  containing  MaUoc 
AtuHuvi.    The  observations  made  at  Mejillones  and  on  the  Cerro  Go 
have  revealed  to  us  a  strand  at  the  height  of  441  meters,  with  indicati 
of  an  even  higher  level,  yet  the  few  shells  known  from  the  beds  at  tl 
altitudes  still  indicate  a  connexion  with  the  Atlantic  fauna.     The  perio( 
which  the  faunas  were  separated  and  the  existing  fauna  made  its  appears 
in  the  west  is  not  known.    In  the  remaining  beds,  described  as  Qnatemi 
there  are  no  European  species,  it  is  true,  but  the  number  of  extinct  spe 
is  extremely  great.     Well-developed  terraces  may  be  seen  at  diffei 
heights  on  the  whole  of  the  middle  and  southern  part  of  the  coast ;  in 
fjords  and  channels  of  the  south  no  Quaternary  mollusca  are  known, 
the  geographical  features  present  a  remarkable  resemblance  to  those  of 
northern  coasts  of  Norway. 

^  Simpson,  Esploracionee  hechas  por  la  corbeta  Chacabuco;   Ann.  hidrog^.  G 
Santjago,  1875,  I,  pp.  32,  131,  et  seq. ;  cf.  map  in  Peterm.  Mitth.,  1878,  pi.  xxiv. 

'  R.  W.  Coppinger,  Visit  to  Skiring  Water,  Straits  of  Magellan  ;  Proc.  R.  Geogr. 
1880,  New  Ser.,  II,  pp.  552-556. 
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CHAPTER    XIV 
THE    OCEANS 

The  boundariea  of  the  Oceans.  Eustatic  negative  movement.  Transgressions. 
Eostatic  positive  movement.  Inadequacy  of  eustatic  movements.  River  mouths  and 
river  terraces.  Qeneral  survey  of  comx>aratively  recent  strand-lines.  Oscillations  of 
the  Oceans.  Alternating  equatorial  phases.  The  continents  a  result  of  subsidence. 
No  appreciable  change  of  level  in  the  historic  period. 

The  Pacific  Ocean  is  bordered  by  long  mountain  chains,  and  surrounded 
by  volcanos  as  by  a  girdle  of  fire ;  but  no  such  boundary  marks  the  margins 
either  of  the  Indian  Ocean  or  the  Atlantic.  On  closer  examination  the 
mountains  boxmding  the  Pacific  are  found  to  be  folded  ranges,  not  wholly 
alike  on  the  east  and  on  the  west,  but  in  every  case  turning  their  folds 
towards  the  abysses  of  the  sea.  In  California  and  in  South  America 
throughout  its  length  we  find,  in  front  of  the  great  ranges,  the  oordillera 
of  the  coast  distinguished  by  its  singular  stratigraphical  succession.  The 
east  coast  of  Asia,  on  the  other  hand,  is  formed  of  a  series  of  island  festoons, 
which,  as  a  result  of  a  peculiar  arrangement,  proceed  from  the  crowded 
chains  of  central  Asia  and  turn  towards  the  north  as  they  reach  the  borders 
of  the  Ocean. 

South  America,  as  far  as  the  isthmus  of  Tehuantepec,  is  a  self-contained 
unit ;  North  America  is  a  second ;  the  independent  arc  of  Alaska  with  the 
Aleutian  islands  is  a  third  ;  eastern  Asia,  as  far  south  as  a  line  immediately 
north  of  Timor,  a  fourth ;  and,  finally,  Australia  with  New  Zealand  and 
a  great  number  of  other  islands  forms  a  fifth.  The  Antarctic  region  is  as 
yet  practically  xmknown. 

The  Asiatic  arcs  strike  into  the  mainland ;  the  most  southerly  of  them 
extends  through  Java  and  Sumatra,  the  Nioobar  islands  and  the  Andamans 
to  the  coast  of  Arakan.  This  is  the  Burmese  arc,  the  first  of  the  series 
which  bounds  Eurasia  on  the  south.  These  bordering  arcs  reappear  on  the 
north  coa^t  of  the  Persian  gulf,  and  in  certain  parts  of  the  Mediterranean, 
to  terminate  in  the  sharp  bend  of  Gibraltar.  Many  of  the  arcs  are  accom- 
panied by  linear  volcanic  series.  It  is  only  at  Gibraltar  and  in  the  Cordil- 
lera of  the  Antilles  that  the  outer  border  of  a  folded  range  reaches  the 
Atlantic  Ocean.  With  these  exceptions  the  whole  outline  of  the  Atlantic, 
as  well  as  of  the  Indian  Ocean,  is  independent  of  the  strike  of  the  folded 
ranges,  in  other  words  it  is  a  '  backland ' ;  in  the  Pacific,  on  the  contrary, 
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the  coasts  are  already  determined  by  the  folded  rmngee,  ajid  the  Oeein 
itself  covers  the  foreland.  Cape  Horn  and  the  months  of  the  Ganges  mark, 
in  the  two  great  continents,  the  sharply  defined  limit  between  these  two 
contrasted  tectonic  systems. 

The  extremely  complex  stmcture  of  Eorope  may  be  reaolved  into  three 
principal  folded  chains,  lying  one  behind  the  other,  and  all  overfolded 
towards  the  north.  The  northernmost  range,  the  Caledonian,  is  of  pfe- 
Devonian  age.  The  second  is  composed  of  a  western  or  Amioriean  segment^ 
and  an  eastern  or  Variscan  segment ;  they  meet  in  syntaxis  in  France,  and 
the  junction  may  be  recognized  even  on  the  ooter  bonier,  in  the  re-entrut 
angle  which  is  formed  near  the  Franco-Belgian  frontier  by  the  Coal 
measures  overthrust  to  the  north.  This  second  chain  is  of  pre-Permian  age, 
but  with  posthumous  foldings,  the  formation  of  which  was  continued  at 
least  as  late  as  the  Tertiary  aera.  The  third  chain,  which  is  the  most 
recent,  includes  the  Pyrenees,  the  fragmentaiy  arcs  in  the  south-east  of 
France,  the  Jura,  the  Alps,  and  the  Carpathians.  Each  of  these  chains  was 
dammed  back  in  its  course  by  the  sunken  ruins  of  the  preceding  duuxL 
In  the  north  of  Spain  we  recognize  in  the  basin  of  Asturias  an  arrangement 
similar  to  that  presented  by  the  sharp  bend  at  Gibraltar,  bat  here  worn 
down  to  the  roots  by  prolonged  erosion. 

The  course  of  the  west  coast  of  Europe  is  not  determined  by  the  trend 
of  the  folded  ranges,  but  cuts  across  it  transversely,  so  that  the  Armorican 
arc  terminates  in  a  rias-coast  on  the  south-west  of  Ireland  and  in  Brittany; 
neither  in  Oalicia  nor  in  Portugal  does  the  orographic  structure  find  any 
expression  in  the  course  of  the  coast. 

At  the  same  time  the  folded  chains  of  North  America  turn  gradually 
but  completely  round  in  an  arc,  so  that  on  the  lower  St.  Lawrence,  which 
marks  the  outer  border,  the  direction  of  the  folding  force  passes  from  west 
through  north-west  to  north-north-west,  and  the  rias-coasts  of  Nova  Scotia, 
New  Brunswick,  and  Newfoundland  thus  present  a  close  resemblance  to 
certain  parts  of  the  west  coast  of  Europe  \ 

This  contrast  between  the  outlines  of  the  Ocean  basins  and  the  structure 
of  the  continents  shows  in  the  clearest  manner  that  these  Ocean  basins  an 
areas  of  subsidence,  reproducing,  but  on  a  far  larger  scale,  the  subsidences 
with  which  we  have  become  familiar  in  the  interior  of  the  continents.  This  is 
further  attested  in  the  case  of  the  Pacific  region  by  the  presence  of  abyssal 
depths  close  against  the  border  of  the  mountain  arcs,  e.  g.  on  the  coast  of 
Japan  and  the  west  coast  of  South  America. 

This  conception  is  in  closest  harmony  with  the  observations  already 
uiiide  in  the  Mediterranean.    This  basin  has  been  shown  to  consist  of 

^  This  resemblance  is  so  great  that  Marcel  Bertrand  has  not  hesitated  to  dnw 
connecting  lines  across  the  Ocean ;  La  Ghalne  des  Alpes  et  la  formation  du  Ck>ntinest 
Kurop«en,  Bull  Soc.  g^ol.  de  Fr.,  1887,  8«  ser.,  XV,  p.  442,  fig.  5. 
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several  sunken  areas  of  different  age,  and  it  is  manifest  that  tlie  ouUinea  of 
the  great  Oceans  are  also  of  different  age. 

That  such  is  the  case  is  shown  by  the  fact  that  it  is  not  always  the  same 
subdivisions  of  the  Mesozoic  succession  which  are  visible  on  the  borders  of 
the  Oceans.  Around  the  Pacific,  marine  deposits  of  the  Trias  are  encountered, 
as  in  New  Zealand,  New  Caledonia,  Japan,  the  Aleutian  islands,  the  Queen 
Charlotte  islands,  the  west  of  North  America  and  Peru.  They  a»re  every- 
where folded  into  the  great  ranges  of  the  coast,  and  they  appear  to  occur 
also  in  Arakan,  where  the  Burmese  arc  forms  the  boundary  of  the  sea. 
They  are  also  present  in  the  extreme  north  of  Eurasia,  and  in  Spitzbergen 
they  retain  their  original  horizontality. 

On  the  shores  of  the  Indian  Ocean,  except  in  the  north-east,  where  the 
coast  is  constructed  on  the  Pacific  type,  we  do  not  encounter  deposits  of  this 
age.  Here  the  series  begins  at  the  earliest  with  the  middle  Jurassic,  and 
the  Mesozoic  beds  lie  everywhere  horizontal ;  subsequent  folding  is  nowhere 
visibla  The  plant-bearing  Gondw&na  beds,  which  were  certainly  not  formed 
in  the  sea,  face  the  Ocean  in  a  denuded  fault-scarp,  as  in  the  Quathlamba 
mountains.  On  the  summit  of  the  vast  South  African  table-land  traces  of 
the  presence  of  the  sea  have  nowhere  been  observed,  nor  is  it  possible  to 
conceive  in  what  way  this  lofty  mass  could  have  been  raised  out  of  the 
Ocean. 

Around  the  Atlantic  Ocean — again  excepting  the  fragmentary  arcs  of 
Gibraltar  and  the  Antilles,  constructed  on  the  Pacific  type — the  series  does 
not  begin  before  the  middle  Cretaceous ;  this  is  the  case  from  cape  Horn  to 
Greenland,  and  from  the  Lofoten  islands  to  the  cape  of  Good  Hope ;  in  west 
Africa  the  series  may  possibly  begin  with  a  slightly  older  stage.  In  the 
west  of  Europe,  it  is  true.  Lias  and  Jurassic  reach  the  sea,  but  the  existing 
shore  by  no  means  corresponds  to  that  of  those  periods ;  this  is  evident  from 
the  fact  that  the  mighty  fresh- water  deposits  of  the  Weald  in  the  Charente, 
in  Santander,  and  on  the  coast  of  Portugal,  strike  freely  out  to  sea,  like  the 
Gondw&na  beds  of  the  Indian  peninsula,  and  the  late  fresh-water  Tertiary 
beds  on  the  shores  of  the  Aegean. 

As  soon  as  we  recognize  the  Ocean  basins  as  sunken  areas,  the  conti- 
nents assume  the  character  of  horsts,  and  the  wedge-like  outlines  of  Africa^ 
India,  and  OreerUand,  all  poiniiTig  tovxirda  the  eovAh,  find  their  eocplanO' 
tion  in  the  conjunction  of  fields  of  subsidence  which  reach  their  greatest 
development  in  the  same  direction.  In  Greenland  the  difference  in  the 
stratified  succession  shows  that  the  two  sides  of  the  wedge  are  probably  of 
different  age;  that  on  the  east  being  apparently  older  than  that  on  the 
west  The  wedge-shaped  outline  of  South  America  is  of  different  origin ; 
in  this  the  curved  folded  range  of  the  Cordillera  plays  the  essential  part. 

The  crust  of  the  earth  gives  way  and  fails  in  ;  the  sea  follows  it.  But 
while  the  subsidences  of  the  crust  are  local  events,  the  subsidence  of  the 
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sea  extends  over  the  whole  submerged  surface  of  the  planet.     It  brings 
about  a  general  negative  movement. 

As  a  first  step  towards  an  exact  study  of  phenomena  of  this  kind,  we 
must  commence  by  separating  from  the  various  other  changes  which  affect 
the  level  of  the  strand,  those  which  take  place  at  an  approximately  equal 
height,  whether  in  a  positive  or  negative  direction,  over  the  whole  globe ; 
this  group  we  will  distinguish  as  euatatic  Tnovementtf. 

The  fomuUiim  of  the  aeu  baains  produces  Hpaamodic  eusicUic  negcUive 
movementa. 

Such  movements  have  occurred  at  various  periods  and  in  different 
degrees.  The  structure  of  Spitzbergen  and  Scotland  shows  what  important 
subsidences  took  place  within  the  Palaeozoic  aera ;  the  structure  of  Scania 
illustrates  the  continuation  of  these  movements  through  different  stages  of 
the  Mesozoic  aera ;  the  recent  history  of  Iceland  shows  that  there  a  similar 
formation  of  horsts  and  troughs  is  still  in  progress  at  the  present  day. 
This  fragmentation  of  the  globe  by  great  fractures  of  different  age  is,  how- 
ever, a  phenomenon  of  wide  distribution.  The  marine  deposits  of  the  Trias, 
and  with  them  the  complete  series  of  the  marine  Mesozoic,  traverse  the 
greatest  existing  continent  in  a  zone  which  coincides  to  no  small  extent 
with  that  of  the  arcs  forming  the  southern  boundary  of  Eurasia ;  and  thus  it 
happens  that  great  mountain  ranges  now  rise  over  the  site  of  the  ancient  sea, 
and  there,  where  further  to  the  west  lay  its  greatest  depths,  we  now  encounter 
the  eastern  Alps ;  this  sea  was  continued  across  the  western  Mediterranean 
and  some  parts  of  western  Europe.  The  correspondence  of  the  faunas  in 
the  contemporaneous  deposits  of  the  West  Indies,  Bogota,  and  Chili,  per- 
sisting in  Chili  and  the  Antilles  even  into  the  Tertiary  period,  compels  as 
to  suppose  that  an  ancient  communication,  older  than  the  northern  as 
well  as  the  southern  part  of  the  present  Atlantic,  existed  across  this  OceaD, 
precisely  in  that  region  which,  by  exception,  is  constructed  on  the  Pacific 
type,  namely  the  Antilles  with  their  folded  cordillera  and  girdle  of  volcanos. 
This  is  the  ancient  sea,  extending  parallel  to  the  equator,  which  Neumayr 
haa  designated  the  CerUral  MediterraTiean. 

If  we  now  consider  the  succession  of  stratified  systems  in  those  parts  of 
the  continents  which  have  so  far  been  closely  investigated,  we  discover  that 
vast  areas  have  been  subject,  during  periods  of  extraordinary  duration,  to 
marine  transgressions,  that  Ls,  positive  movements  which  have  been  inter- 
inipted  by  negative  phases.  At  the  clase  of  the  Silurian  epoch,  the  strand 
ri'ceiled  across  the  whole  region  lying  between  Illinois  and  the  Atlantic  Ocean, 
lus  well  as  in  England,  the  north  of  Russia,  and  the  neighbourhood  of  the 
Dniestr.  The  Old  Red  sandstone,  containing  no  marine  fossils,  and  shales  of 
the  same  age  likewise  of  non-marine  origin,  were  deposited  over  the  whole  of 
the  North  Atlantic  region,  in  the  east  of  Canada,  Spitzbergen,  Scotland,  Eng- 
land, and  the  north  of  Russia  as  far  as  the  Dniestr.    Then  the  sea  began  its 
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advance,  and  in  the  middle  Devonian  the  transgression  was  established  over 
Russia  as  far  as  Livonia  and  Courland,  probably  also  in  western  Canada,  on 
the  Clear  Water  and  the  Mackenzie,  and  perhaps  as  far  as  the  Arctic  Ocean. 
A  fresh  negative  phase  marked  the  beginning  of  the  Carboniferous  period, 
Hucceeded  by  another  positive  phase,  which  brought  about  the  transgression 
of  the  Carboniferous  limestone  in  California,  Dakota,  and  Texas  in  the  west, 
and  in  the  east  over  the  Old  Bed  sandstone  region,  which  stretches  from 
Ireland  across  Scotland  to  Spitzbergen,  and  many  other  places,  as  well  as 
over  much  older  deposits  in  the  north  of  China.  Then  followed  the  oscilla- 
tions of  the  upper  Carboniferous  period,  which  were  felt  alike  in  Illinois  and 
in  many  parts  of  southern  Europe,  until  the  negative  movement  was  fikgain 
interrupted,  and  the  marine  sediments  of  the  Permian  epoch  were  deposited 
over  a  restricted  area  in  North  America  and  northern  Europe. 

The  Mesozoic  seas  of  Europe  were  subjected  from  the  Rhaetic  period 
onwards  to  a  positive  movement,  which,  though  interrupted  by  occasional 
secondary  phases  of  retreat,  never  failed  to  regain  its  ascendancy;  this 
movement  gave  to  the  sediments  of  the  seas  a  continually  increasing  exten- 
sion, until  finally  the  deposits  of  the  middle  Jurassic,  encroaching  on  a 
foundation  of  very  various  age,  extended  through  Cracow,  Kiev,  Moscow, 
and  Orenburg,  and  northwards  up  the  Petchora  almost  as  far  as  the  Arctic 
Ocean;  covering  at  the  same  time  the  north  of  Scotland  in  the  west. 
A  very  large  part  of  Europe  was  thus  submerged ;  and  indications  of  this 
great  transgression  are  also  found  in  Abyssinia,  in  Cutch,  and  even  on  the 
west  coast  of  Australia. 

The  submergence  continued,  and  the  Kinmieridge  stage  of  the  upper 
Jurassic,  maintaining  almost  constant  characters  throughout  its  course,  may 
be  traced  from  Orenbuig  and  Simbirsk  across  central  Europe  into  the 
neighbourhood  of  Lisbon.  Then  the  strand  receded,  and  the  sea  was  left 
in  possession  of  those  regions  only  from  which  the  transgressions  had  pro- 
ceeded, principally  the  Alps,  while  from  Hanover  to  the  south  of  England, 
on  the  Charente,  in  north  Spain  and  Portugal,  great  fresh- water  lakes  came 
into  existence. 

At  this  stage  the  Cretaceous  epoch  began.  From  the  Alps,  and  the 
Balearic  isles  which  form  their  continuation,  the  strand  gradually  advanced 
again  across  the  region  of  the  existing  Jura  into  Spain.  By  degrees  the 
whole  of  central  Europe,  together  with  all  the  sediments  of  its  great  fresh- 
water lakes,  was  again  covered  by  the  sea.  At  the  time  when  the  previous 
period  of  retreat  had  reached  its  maximum,  Russia  was  converted  into  dry 
land,  but  with  this  fresh  advance  from  the  south  the  sea  simultaneously 
extended  from  the  north  and  crossed  the  Russian  plain,  bringing  with  it 
a  number  of  independent  types  of  moUusca ;  it  first  reached  Tomaszov  on 
the  Pilica  in  western  Poland,  and  subsequently,  during  the  deposition  of  the 
upper  parts  of  the  lower  Cretaceous,  the  two  seas  conjoined,  and  some 
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Russian  types  made  their  way  as  far  as  Hanover.  The  noiihaii  inflnPTipp 
then  disappeared,  while  the  southern  sea  steadily  continued  to  gain  in  extent 
We  thus  reach  the  climax  of  the  great  middle  and  upper  Cretaeeoos  tzvB- 
gression. 

Then  for  the  first  time  the  Atlantic  coasts  were  washed  by  the  Oeeu. 
The  sea  covered  the  plains  of  Patagonia  as  far  as  the  east  border  of  the 
oordillera,  it  advanced  to  the  upper  tributaries  of  the  MaraikHi,  periuqps 
across  the  whole  continent  of  South  America ;  from  Texas  it  made  its  way 
through  the  middle  of  North  America  as  far  as  lat.  65*  N.  It  left  its  tnees 
around  the  greater  part  of  Africa,  covered  a  very  large  part  of  Europe, 
passing  over  the  ancient  horsts,  and  extending  through  the  south  of  Boasit 
east  of  the  Urals  to  lat.  62°  30^  N. ;  thence  it  proceeded  over  the  Caqnan, 
the  sea  of  Aral,  Turania,  Persia,  Syria,  Arabia,  the  eastern  Sahara,  the 
coasts  of  India,  and  other  vast  areas.  If  we  seek  a  region  which  was 
unaffected  by  this  transgression  we  shall  discover  it  in  the  north :  the  east 
of  Greenland,  Spitsbergen,  north  Russia  and  north  Siberia  (with  the  excep- 
tion of  the  region  just  mentioned  in  the  eastern  Urals),  and  the  north  of 
China  have  so  far  afforded  us  no  trace  of  the  Cretaceous  sea. 

Once  more  vast  areas  were  abandoned  by  the  sea.  Everywhere  the 
strand  receded ;  in  Europe  even  to  a  greater  extent  than  after  the  Jurassic 
transgression,  for  the  fresh- water  lakes  which  now  came  into  existence  lay 
further  south  and  close  to  or  upon  the  area  of  the  ancient  central  Mediter- 
ranean, from  which  the  various  transgressions  had  proceeded;  as,  for  example, 
in  the  south  of  France,  and  more  particularly  in  Istria  and  Dalmatia. 

The  Cretaceous  epoch  comes  to  an  end  and  the  Tertiary  aera  b^;ins. 
Now,  however,  the  conditions  become  so  complicated  that  it  is  no  longer 
possible  to  give  a  general  and  concise  account  of  them.  The  Oligocene 
transgression  from  the  north,  the  gradual  retreat  of  the  sea  from  the  heights 
of  Persia  and  central  Europe  which  took  place  within  the  limits  of  the 
existing  Mediterranean,  and  the  partial  extension  of  this  sea  by  local  sub- 
sidences are  some  of  the  most  striking  features  of  this  eventful  period. 

This  recapitulation  shows  that  the  theory  of  secular  odcillcUions  of  the 
continents  is  not  competent  to  explain  the  repealed  inundation  and  emer- 
geThce  of  the  land.  The  changes  are  much  too  extensive  and  too  uniform  to 
have  been  caused  by  movements  of  the  earth's  crust.  The  middle  Cretaceotis 
transgression  presents  itself  on  the  Amazon,  the  Athabasca,  the  Elbe,  the 
Nile,  the  Tarym,  and  the  Narbada,  in  Borneo  and  Saghalien,  and  on  the 
Sacramento ;  it  marks  a  general  physical  change  which  affected  the  whole 
surface  of  the  planet.  In  this  lies  the  explanation  of  the  remarkable  fact 
that  it  has  been  found  possible  to  employ  the  same  terminology  to  distin- 
guish the  sedimentary  formations  in  all  parts  of  the  uxyrld.  This  would 
have  been  impossible  if  the  limits  of  the  formations  had  not  been  drawn 
by  natural  processes  simultaneously  in  operation  over  the  widest  areaa 
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It  has  been  fortunate  for  stratigraphical  geology  that  its  earliest  develop- 
ment took  place  in  England,  a  region  where  the  frequency  of  gaps  in  the 
stratified  series  neither  rises  above  nor  falls  below  the  mean,  a  region  which 
has  at  times  been  submerged  beneath  the  sea,  at  others  covered  by  fresh- 
water lakes  or  left  exposed  as  dry  land.  A  whole  series  of  marine  faunas, 
which  are  indigenous  in  more  southerly  regions,  such  as  the  Hercynian,  the 
upper  Carboniferous,  that  of  Artinsk  and  those  of  the  various  zones  of  the 
Trias,  the  Tithonian  and  the  Neocomian,  are  either  entirely  absent  from  the 
stratified  series  in  England  or  only  imperfectly  represented.  The  limits  of 
the  formations  established  by  William  Smith  and  his  successors  correspond 
for  the  m^$t  part  with  negative  phases.  Where  they  have  been  most  precisely 
studied,  as  in  the  case  of  the  limit  between  the  Jurassic  and  Cretaceous,  our 
knowledge  has  been  extended  into  details,  and  we  now  perceive  that  by  a 
movement  in  the  negative  direction  arms  of  the  sea  become  isolated  and  the 
fauna  impoverished,  although  its  final  extinction  may  be  delayed  till  the 
negative  movement  has  passed  its  maximum. 

In  this  also  we  find  an  explanation  of  the  difficulties  which  were 
encountered  in  correlating  the  stratified  series  where  it  attains  its  complete 
marine  development,  as  in  the  eastern  Alps,  with  the  succession  established 
in  Elngland.  In  this  again  we  recognize  the  source  of  the  opinion  expressed 
by  many  eminent  investigators  to  the  effect  that  this  succession  stands  in 
relation  to  certain  cycles,  i.  e.  a  perpetually  recurring  alternation  produces 
a  periodic  return  of  similar  conditions. 

As  to  the  precise  nature  of  these  phenomena  we  can  only  hazard  con- 
jectures; the  present  state  of  observation  does  not  justify  any  definite 
opinion.  Some  features  may  be  clearly  distinguished,  others  are  still 
doubtful.  The  analysis  of  the  Rhaetic  series  in  the  Alps  shows  that  the 
positive  movement,  which  carried  the  Rhaetic  shore  further  and  further 
outwards  till  it  finally  extended  across  a  large  part  of  central  Europe  into 
the  north  of  Scotland,  must  have  been  oscillatory.  The  division  of  the  lime- 
stone into  beds,  the  terrestrial  or  littoral  remains  in  the  earliest  '  partings,' 
the  fragments  of  red  earth  in  the  white  limestone,  and  other  indications 
point  in  a  concordant  manner  to  this  conclusion.  Another  example  of  the 
same  kind  is  furnished  by  the  alternating  series  in  the  island  of  Purbeck. 
The  recent  limestone  beds  of  Sombrero  and  the  remains  of  guano  between 
them  point  in  the  same  direction.  On  the  other  hand  it  cannot  be  denied 
that  the  paralic  seams,  intercalated  with  the  marine  Carboniferous  beds,  are 
extremely  similar  to  the  partings  of  the  Rhaetic  in  the  eastern  Alps,  and 
that  the  union  of  such  seams  as  they  are  traced  landwards  to  form  a  single 
thick  bed  cannot  be  explained  by  oscillatory  movements  in  the  light  of  our 
present  knowledge ;  but  this  question  requires  a  fresh  and  detailed  examina- 
tion. Still,  there  can  be  no  doubt  that  the  evidence  afforded  by  the  Rhaetic 
series  and  by  the  Purbeck  is  strongly  in  favour  of  numerous  subsidiary 
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oscillations.  Oscillations  of  greater  importance  may  be  recognized  w 
certainty,  such,  for  instance,  as  those  which  caused  the  stages  of  the  Liae 
extend  in  transgression,  some  to  a  greater,  others  to  a  less  distance ;  t 
may  be  seen  from  a  comparison  of  the  succession  in  the  north  of  Scotia 
with  that  of  Scania  and  perhaps  also  with  that  recorded  by  the  HierL 
beds  of  the  Alps.  These  represent  in  other  words  secondary  cycles  witl 
the  primary.  The  principal  phases  or  the  primary  cycles  reveal  themsel^ 
with  even  greater  definiteness. 

But  it  is  a  striking  fact  that  in  the  best  known  of  these  primary  cycles  1 
positive  phase  is  of  much  greater  duration  than  the  negative  phase  whi 
follows  it.    In  the  present  state  of  the  question  it  is  hardly  possible  to  e 
anything  definite  or  conclusive  on  this  point;  yet  we  must  not  forget  U 
from  the  Trias  through  the  Rhaetic,  the  lias,  and  the  Oolites  to  the  Oxford] 
— that  is,  through  an  extremely  long  period  of  time — the  strand  gradually  i 
vanced  across  Europe,  with  a  few  interruptions  of  slight  importance ;  even 
late  as  the  Kimmeridge  the  sea  extended  from  Siberia  across  Europe  to  i 
existing  Atlantic  coast,  and  then,  in  a  period,  as  we  may  conjecture,  of  inoc 
parably  briefer  duration, corresponding  to  the  Portland  and  Purbeck,a  gene 
emeigence  took  place,  giving  rise  first  to  the  lagoons  in  which  gypsum  i 
deposited,  and  then  to  the  great  lakes  of  the  newly  exposed  land.  The  sa 
process  is  repeated  during  the  Cretaceous  epoch.    In  Europe  a  study  of ' 
existing  observations  leaves  the  impression  that  during  the  first  half  of  1 
period  the  inundation  proceeded  from  both  north  and  south,  till  the  advane 
faunas  met  and  intermingled.     Later  on,  during  the  Cenomanian,  it  i 
only  the  southern  region  which  extended  further  and  further  towards 
north,  but  the  movement  continued  into  the  Senonian,  when  the  sea  attai 
an  extraordinarily  wide  extension.   At  that  time  there  was  much  less  land 
the  globe  in  the  temperate  and  tropical  latitudes  than  at  present,  althov 
over  large  areas  the  sea  was  perhaps  of  no  great  depth.     It  is  difficult 
say  whether  the  brackish-water  character  of  the  Laramie  stage  is  to 
ascribed  rather  to  the  deposition  of  alluvial  sediments  or  to  a  retreat  of 
strand ;  in  Europe  we  witness  after  the  Senonian  a  general  withdrawa 
the  sea,  proceeding  to  all  appearance  with  incomparably  greater  swiffa 
than  its  previous  advance,  and  to  so  great  an  extent  that  it  gave  ris 
fresh-water  lakes  in  the  south  of  France  and  in  the  northern  Adriatic. 

The  extraordinarily  slow  rate  at  which  some  positive  movements  1: 
taken  place  is  also  indicated  by  the  plain  of  erosion  which  may  oftei 
seen  at  the  base  of  an  unconformable  junction.  It  is  probable  that 
detailed  study  of  certain  beds  of  phosphates  possessing  a  wide  distribu 
might  lead  to  the  same  conclusion. 

The  retreat  of  the  sea  at  the  close  of  the  Jurassic  period  laid  bare 
region  on  which  the  new  flora  of  dicotyledonous  trees  supplanted  the  c 
vegetation.     The  Cenomanian  transgression,  as  it  advanced   over  N 
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America  and  Europe,  buried  up  the  remains  of  this  new  flora  in  its  earliest 
deposits.  In  like  manner  the  post-Cretaceous  emergence  gave  birth  to  the 
land  over  which,  in  North  America  as  in  Europe,  the  higher  mammals 
distributed  themselves. 

There  is  no  difficulty  in  perceiving  how  slowly  the  transgressions 
advanced  over  the  land ;  the  Cretaceous  transgression,  for  example,  begins 
in  Texas  with  sand  containing  Dinosaurs  ;  the  Caprotina  limestone  of 
Friedrichsburg  and  the  Washita  series  which  follow  hardly  extend  beyond 
the  boundaries  of  this  State ;  even  the  Dakota  beds  which  come  next  only 
furnish  marine  species  as  far  as  New  Mexico  and  Kansas,  and  in  the  latter 
State  these  species  are  littoral ;  in  Dakota  they  a»re  such  as  flourish  in  water 
of  less  than  the  normal  salinity ;  and  it  is  not  until  later  that  the  influence 
of  the  sea  makes  itself  felt  as  far  as  Canada  ^. 

Finally,  the  regular  and  uniform  character  of  the  movements  may  be 
recognized  from  the  concordant  superposition  of  the  more  recent  beds  on 
those  of  much  greater  age.  Of  this  there  are  numerous  examples.  Murchison, 
in  describing  the  recent  marine  beds  with  Arctic  shells  at  Ust-Waga  on  the 
Dwina,  has  pointed  out  their  absolutely  conformable  superposition  on 
the  horizontal  Permian  sediments ;  he  has  also  shown  how  at  other  places  the 
latter  sediments  rest  in  perfect  concordance  on  much  older  beds,  so  that 
the  stratigraphical  relations  offer  no  hint  of  the  great  gap  which  occurs  at 
the  line  of  contact.  That  this  should  be  the  case  may  well  be  cause  for 
astonishment,  for  some  degree  of  erosion,  weathering,  or  other  alteration  of 
the  surface  must  have  occurred  in  the  interval,  and  I  can  scarcely  help 
thinking  that  even  in  this  case  some  kind  of  erosion,  though  feeble  perhaps 
in  its  effect,  must  at  one  time  have  been  active. 

The  question  now  presents  itself  as  to  whether  these  positive  movements 
were  likewise  eustatic. 

Material  is  continually  being  carried  into  the  sea ;  some,  in  mechanical 
suspension,  sinks  to  the  bottom  near  the  coast  as  clastic  sediment ;  some,  in 
chemical  solution,  is  transformed  by  living  organisms  into  calcareous  or 
siliceous  shells.  There  are  besides  volcanic  products  which  accumulate  in 
the  depths  of  the  sea.  The  thickness  of  the  ancient  sediments  and  the 
extensive  denudation  of  the  continents,  amounting  in  many  places  to  thou- 
sands of  feet,  show  how  great  is  the  bulk  of  material  which  has  been  carried 
into  the  sea  in  the  past.  The  oceanic  regions  are  filled  up  slowly  but  without 
intermission,  and  their  waters  in  consequence  are  gradually  displaced ;  at 
the  same  time  the  transgression  which  thus  results  is  facilitated  by  the 
progressive  denudation  of  the  land. 

Tlie /(/rmaiion  of  sediments  causes  a  continuous^  eustatic  positive  vwve- 
ment  of  the  drandrline. 

^  G.  A.  White,  On  the  Cretaceous  Formations  of  Texas  and  their  relation  to  those  of 
other  portions  of  North  America ;  Proc.  Acad.  Nat.  ScL  Philadelphia,  1887,  pp.  89-47. 
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We  are  thus  acquainted  with  two  kinds  of  eustatie  movement; 
produced  by  subsidence  of  the  earth's  crust,  is  spasmodic  and  negative ; 
other,  caused  by  the  growth  of  marine  deposits,  is  continuous  and  poa 
((T,  II,  pp.  220, 267).  This  distinction  may  be  best  illustrated  by  a  few  sii 
calculations,  even  though  the  results  should  be,  as  indeed  they  must,  « 
very  roughly  approximate.   As  early  as  1848,  the  acute  observer,  Chaml 
attempted  to  estimate  the  extent  to  which  the  surface  of  the  sea  wouli 
lowered  by  a  local  subsidence  of  the  sea  floor  ^    Let  us  take  a  region  w 
is  known  to  have  sunk  down  in  comparatively  recent  times,  as,  for  exan 
the  Graeoo-Levantine  sea  together  with  the  Pontus ;  first  let  us  suppose 
this  area  was  not  previously  occupied  by  an  inland  lake,  and  further, 
the  Oceans  descend  perpendicularly  from  their  shores ;  then,  basing  our 
culation  on  Knimmel's  estimate  of  the  volume  and  mean  depth  of  the  Oc 
we  shall  find  that  the  formation  of  the  subsidence  under  consideration  w 
produce  a  eustatie  negative  movement  to  the  extent  of  nearly  four  mi 
over  the  whole  surface  of  the  planet.    On  the  other  hand,  it  would  rec 
the  denudation  of  all  the  continents  to  the  extent  of  ten  meters  to  pro 
a  eustatie  positive  movement  of  the  same  amount.    According  to  Eriiz 
the  mean  depth  of  the  Ocean  is  3,488  meters,  and  the  area  of  the  sis 
866  or  368  million  square  kilometers ;  hence  the  subsidence  of  a  oontii» 
surface  of  something  more  than  100,000  square  kilometers  to  a  depth  i 
to  the  mean  depth  of  the  Ocean  would  be  required  to  produce  a  ge 
sinking  of  the  sea-level  to  the  extent  of  one  meter. 

If  there  were  any  reason  to  suppose  that  the  quantity  of  water  exi 
on  the  surface  of  the  planet  is  not  constant,  but  subject  to  increai 
decrease,  as  a  result  of  general  causes,  whether  telluric  or  cosmic,  the 
resulting  phenomena  would  fall  within  the  category  of  eustatie  moven 
It  is  probable  indeed  that  a  diminution  does  actually  occur  in  the  form 
of  new  mineral  silicates,  and  an  increase  also,  as  a  result  of  vol 
eruptions. 

The  observations  at  our  disposal,  as  to  the  extension  of  the  ancieni 
are,  it  is  true,  extremely  incomplete ;  and,  so  far  as  they  go,  they  d 
seem  to  indicate  that  the  eustatie  movements  are  sufficient  to  explaii 
extension.     The  existence  of  eustatie  movements  admits  of  no  doubt ; 
action  is  shown  by  the  rapidity  of  the  great  negative  movements,  pa 
larly  at  the  close  of  the  Cretaceous  period ;  in  other  words,  we  have 
reason  to  suppose  that  the  limit  between  the  Cretaceous  and  Tertiary 
corresponds  with  the  appearance  of  the  dry  land  on  which  the  1 
mammals  were  evolved,  was  produced  by  an  Oceanic  subsidence, 
are  wanting  for  any  particular  case.     On  the  other  hand,  there  are 
phenomena  which  do  not  present  the  characters  of  eustatie  movement 

A  close  examination  of  the  stratified  series  often  leads  us  to  suspe 

^  Chambers,  Ancient  Sea  Margins,  p.  319. 
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existence  of  numerous  smaller  oscillations  which  are  hard  to  reconcile  with 
eustatic  processes. 

We  have  no  evidence  as  to  the  existence  of  Mesozoic  sediments  in  high 
southern  latitudes,  since  these  are  covered  by  sea  and  ice;  in  the  Arctic 
regions,  the  great  Mesozoic  girdle  which  runs  from  Prince  Patrick's  island 
across  the  north-western  part  of  Bathurst  towards  the  islands  north  of' 
Grinnell  island  is  almost  entirely  unexplored.  Still,  notwithstanding  these 
deficiencies,  we  have  been  able  to  obtain  the  following  results  : — 

(1)  The  transgression  which  continued  through  the  Khaetic,  the  Lias, 
and  Jurassic,  started  in  Europe  from  the  central  Mediterranecui,  i.  e.  from  the 
region  of  the  Alps,  and  proceeded  towards  the  north ;  at  the  same  time  it 
left  its  traces  far  towards  the  south  in  Abyssinia  and  Cutch ;  (2)  in  the 
lower  Cretaceous  period  (Volga  stage)  a  transgression  made  its  way  over 
north  Russia  and  Siberia,  and  indications  of  a  similar  transgression  also 
occur  in  the  southernmost  part  of  Africa  (Uitenhage  series),  and  in  Australia 
(Aptian  stage),  as  well  as  far  to  the  south  in  Cutch  and  central  Europe ; 
(8)  the  Cenomanian  transgression  proceeded  from  the  warmer  zones  towards 
the  north  and  south,  and,  although  very  widely  extended,  it  left  unsub- 
meiged  a  large  region  in  the  north  (east  Greenland,  Spitzbergen,  north 
Russia,  parts  of  Siberia,  and  north  China) ;  (4)  the  Eocene  transgression  no- 
where extended  into  the  Arctic  regions ;  (5)  the  Oligocene  transgression,  on 
the  other  hand,  probably  came  from  the  Arctic  Ocean,  and  proceeding  along 
the  eastern  side  of  the  Urals  entered  Germany.  A  certain  contrast  or  com- 
pensation appears  to  exist  between  the  equatorial  and  the  polar  regions; 
but  all  statements  in  this  connexion  must  be  regarded  as  provisional,  liable 
at  any  time  to  be  confirmed  or  modified  by  the  progress  of  discovery. 

Let  us  now  turn  our  attention  from  the  ancient  seas  to  the  more  recent 
sediments  which  rest  against  the  slopes  of  the  existing  coasts,  and  the  various 
traces  left  by  the  displacement  of  the  strand.  Li  addition  to  local  sources 
of  error«  which  have  already  been  illustrated  by  examples,  there  are  many 
others  of  a  more  general  nature.  The  first  and  most  important,  as  I  may 
venture  once  more  to  point  out,  is  to  be  found  in  the  great  difficulties  which 
attend  a  chronological  correlation  of  facts  observed  at  widely  separated 
localities.  In  high  latitudes  the  traces  left  by  the  ice  afford  evidence  which 
must  be  employed  with  great  caution,  for  there  has  been  more  than  one 
glacial  episode ;  there  is  no  proof  whatever  that  the  ice  disappeared  at  the 
same  time  in  the  north  of  Norway  and  in  central  Europe,  while  in  Green- 
land it  still  persists.  In  the  tropics  we  have  not  even  this  criterion.  It 
becomes  more  and  more  evident  that  since  the  period  of  maximum  glaciation 
and  the  beginning  of  historical  tradition  (the  latter  also  different  in  different 
parts  of  the  world)  considerable  displacement  must  have  occurred.  But 
there  is  no  possibility  of  deciding  whether  the  negative  traces  in  the  vicinity 
of  cape  Comorin  or  at  Mejillones,  for  example,  are  older  or  younger  than 
iOLLAi  u  K  n 
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those  of  the  extreme  north,  and  we  are  reduced  to  oonjectores.  We  oi 
know  that  the  period  during  which  these  deposits  were  formed  must  hi 
been  of  great  duration;  on  the  coast  of  Guayaquil,  Mastodon  Andi^ 
occurs  in  a  recent  shell-bed,  and  at  Calais,  as  well  as  on  the  lower  Le 
Elep/ioa  primigenius  is  of  later  date  than  the  recent  shell-beds  wh 
contain  remains  of  the  existing  fauna  of  the  adjacent  seas. 

It  must  also  be  borne  in  mind  that  the  employment  of  numerical  d 
lends  to  the  whole  of  this  branch  of  inquiry  an  appearance  of  exactit 
which  it  does  not  really  possess.    The  boreholes  of  Hiolas  or  an  abando 
strand-line  may  mark  a  water  level  with  some  approach  to  exactitude, 
as  a  rule  our  only  evidence  is  aflforded  by  shell-beds  or  other  deposits, 
the  height  of  these  was  obviously  not  that  of  the  sea  at  the  time. 

Finally,  eveiy  attempt  which  has  been  made  to  correlate  the  displ 
ments  observed  in  various  latitudes  is  seriously  affected  by  the  disproporl 
as  regards  the  chances  of  observation  and  examination,  which  exist 
favour  of  the  traces  left  by  negative  as  opposed  to  those  left  by  pos: 
movements.    It  has  been  shown  that  even  in  the  case  of  oscillations  ' 
a  considerable  positive  excess,  the  chances  are  that  only  a  single  n^ 
trace  will   be  observed  (II,  p.  25).    As  a  rule  the  positive  movemei 
masked,  and  proof  of  the  movement  can  only  be  obtained  in  the  tro; 
regions,  where,  according  to  Darwin's  theory,  which  in  the  main  ] 
incHned  to  a<»ept.  it  is  furnished  by  the  upward  growth  of  coral  reefa. 
colder  seas,  where  coral  reefs  are  absent,  there  is  no  possibility  of  such  p 
and,  in  the  north  as  in  the  south,  if  a  positive  movement  were  in  prp| 
proceeding  at  no  greater  rate  than  in  the  case  of  coral  reefs,  it  would  ] 
no  sign  of  its  existence. 

Attempts  have  sometimes  been  made  to  show  that  positive  move 
may  be  inferred  from  the  form  of  the  submarine  slopes  off  the  coast, 
most  important  argument  rests  on  the  fact  that  at  the  mouths  of  a  nu 
of  rivers  a  furrow  has  been  observed,  which,  as  it  were,  continues  the  ch 
of  the  river  down  to  considerable  depths  below  the  sea. 

The  river  Hudson^  near  New  York,  affords  an  example  which  has 
studied  in  some  detail.  Lindenkohl  shows  that  the  submarine  channe 
becomes  clearly  expressed  at  a  distance  of  about  ten  knots  from  the  < 
in  this  case  there  is  a  clayey  flat  at  - 17  fathoms ;  the  channel  lies  at 
fathoms,  and  is  therefore  8  fathoms  deep.  The  depth,  however,  incre€is 
a  distance  of  20  knots  the  flat  bottom  lies  at  —27  fathoms,  the  chan: 
—42  fathoms.  At  a  distance  of  40  knots  the  flat  lies  at  —48  fathomi 
channel  is  now  less  marked,  and  subsequently  dies  out.  Soon,  howe^ 
reappears  in  the  form  of  a  broad  valley.  At  this  distance  from  the 
a  very  continuous  and  fairly  steep  submarine  cliff  follows  the  coast  i 
crossed  by  the  valley  which  is  very  deeply  excavated  in  it.  At  a  di 
of  85  knots  the  channel  again  appears,  and  at  105  knots  it  has  reach 
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foot  of  the  cliff.  In  this  part  of  its  course,  from  knot  85  to  105  it  lies  first 
at  a  depth  of  —60  fathoms,  sinks  within  the  first  knot  to  —200  fathoms, 
and  ends  in  —474  fathoms.  It  is  here  3  knots  broad.  The  lower  half  of 
this  deep  valley,  which  has  been  termed  a  '  submarine  i^ord,'  is  bounded  by 
slopes  2,000  feet  in  height  and  inclined  at  an  angle  of  more  than  14** ;  both 
slopes  and  bottom  are  covered  with  a  green  sandy  mud. 

The  existence  of  this  submarine  channel  as  a  prolongation  of  the  river 
valley,  and  of  a  similar  conformation  on  the  coast  of  California,  south  of 
cape  Mendocino,  has  led  to  the  conclusion  that  the  surrounding  land  must 
have  experienced  very  considerable  subsidence  \  As  opposed  to  this  view 
we  may  first  cite  the  observations  of  Homlimann,  who  has  discovered 
similar  furrows  in  lake  Constance  at  the  mouth  of  the  Rhine,  and  in  the 
lake  of  Geneva  at  the  mouth  of  the  Rhone.  The  ravine  of  the  Rhine  has 
been  traced  to  a  distance  of  4  kilometers  and  to  a  depth  of  — 125  meters ; 
it  is  excavated  in  the  sub-lacustrine  deltaic  cone,  and  where  most  strongly 
developed  it  reaches  a  breadth  of  600  meters  and  a  depth  of  70  meters. 
That  of  the  Rhone  has  been  mapped  for  a  distance  of  6  kilometers ;  800 
meters  from  the  shore  the  height  of  its  slopes  is  50  meters.  According  to 
Forel  the  rate  at  which  sediment  is  being  deposited  over  this  region  is  so 
great  that  every  trace  of  the  ancient  form  of  the  lake  bottom  must  by  this 
time  have  been  buried  up.  We  must  thus  be  dealing  with  a  recent  feature, 
produced  on  the  surface  of  the  deltaic  cone  by  forces  which  are  still  active. 
According  to  Forel  the  '  ravine '  is  the  result  of  erosive  processes,  and  it 
points  to  the  existence  of  a  current  at  the  bottom  of  the  lake.  Forel  attri- 
butes the  current  to  the  lower  temperature  and  the  turbidity  of  the  river 
water  as  it  enters  the  lake ;  the  action  is  probably  strongest  in  spring  ^ 

The  grandest  example  of  this  kind,  however,  is  that  at  the  mouth  of  the 
Congo  described  by  Buchanan.  Here  there  is  a  deep  submarine  cafion  with 
steep  walls  of  mud ;  20  knots  above  the  mouth  the  river  already  exhibits 
the  extraordinary  depth  of  —150  fathoms,  and  the  submarine  furrow  has 
been  traced  to  a  distance  of  nearly  100  knots  outside  the  mouth  at  depths 
of  — 1,000  fathoms ;  35  knots  from  the  coast  the  cafion  is  sunk  3,000  feet 
deep  in  the  submarine  plain.  Buchanan  believes  that  there  is  an  under- 
current of  sea  water  which  forces  its  way  into  the  river  channel  and  pre- 
vents the  deposition  of  sediment  along  its  course ;  thus  the  cafion  owes  its 
existence  not  to  excavation,  but  to  the  accumulation  of  sediment  on  either 
side^ 

'  A.  Lindeokohl,  Geology  of  the  Sea-bottom  in  the  approaches  to  New  York  Bay,  Am. 
Joorn.  of  Nat  Sci.,  1885,  XXIX,  pp.  475-480,  map ;  G.  Davidflon,  Submarine  Valleys  on 
the  Pacific  Coast  of  the  United  States,  Bull  Cal.  Acad.  Sci.,  1887,  II,  pp.  265-268. 

*  F.  A.  Forel,  Les  Ravins  sous-lacustres  des  fleuves  glaciaires,  Compt.  rend.,  1885,  CI, 
pp.  725-728. 

*  J.  Y.  Buchanan,  On  the  Land  Slopes  separating  Continents  and  Ocean  Basins, 

N  n  z 
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In  any  case  these  submarine  valleys  cannot  be  r^arded  as  indicatio 
of  a  positive  movement. 

The  opportunity  of  directly  observing  positive  movements  thus  seldc 
or  never  occurs  outside  the  seas  containing  coral  reefs,  but  indications 
n^ative  movement  are  to  be  found  on  all  sides.  In  the  higher  latitud 
they  are  often  accentuated  by  the  masses  of  ddbris  which  were  distribut 
during  the  last  stages  of  the  glacial  period  or  soon  after  its  dose.  T 
transport  of  sand  or  loose  stones  was  so  considerable  that  in  North  Ameri 
some  valleys  have  been  completely  filled  up  and  levelled  over,  and  ti 
rivers  have  had  to  excavate  for  themselves  new  beds.  Dana,  Berendt^  aj 
other  observers  have  thought  that  the  cause  of  these  phenomena  is  to 
found  in  the  rapid  melting  of  ice  or  snow,  occurring  perhaps  repeated] 
and  producing  overwhelming  floods  ^. 

Not  only  are  marine  strand-lines  cut  in  these  and  other  accumulatio 
of  like  kind,  but  also  terraces  which  occur  far  inland  and  even  in  the  h]i\ 
valleys  of  the  mountains ;  sometimes  also  they  furnish  mat^erial  for  litto 
bars  and  spits.    Some  of  the  terraces  were  formed  in  lakes,  often  probal 
in  glacial  lakes;   others  owe  their  origin  to  rivers.    We  have  often  I 
occasion  to  insist  on  the  necessity  of  distinguishing  between  fluviatile  i 
marine  terraces.    The  mode  of  formation  of  most  river  terraces  is  as  f OU0 
The  water  in  its  efforts  towards  equilibrium  swings  in  serpentine  curves 
the  surface  of  the  alluvial  land.    During  high  water,  when  the  oentrifq 
force  is  increased  at  the  bends,  the  radius  of  curvature  is  diminished  f 
the  river  cuts  terraces  in  its  convex  banks.    As  this  work  proceeds, 
river  sinks  its  bed  deeper,  and  the  serpentine  curves  are  displaced; 
radius  becomes  gradually  less,  and  from  time  to  time  it  happens  that 
convex  side  of  a  bend  comes  into  the  vicinity  of  an  ancient  cliff,  at  a  lo 
level.    It  then  forms  a  second  terrace ;  later,  perhaps,  a  third,  and  so 
Thus  the  cause  of  the  terracing  is  the  wandering  of  the  meanders  combi 
with  deepening  of  the  bed.   Hitchcock,  as  early  as  1857,  very  nearly  arri 
at  this  explanation.     Rlitimeyer,  Miller,  Miihlberg,  and  Nikitin  successi' 
rediscovered  it  while  studying  the  rivers  of  Switzerland,  Great  Britain, 
Russia ;  it  has  long  been  known  to  the  engineers  who  are  occupied  with 
regulation  of  mountain  streams  \ 

especially  those  on  the  West  Coast  of  Africa ;  Scott.  Geogr.  Mag.,  1887,  III,  p. 
Buchanan  mentions  other  ravines  of  the  same  kind  on  this  coast,  and  also  records  o 
the  mouth  of  the  Adour. 

^  J.  D.  Dana,  On  Southern  New  England  during  the  Melting  of  the  Great  Glacier 
Joum.  Nat.  Sci.,  1875,  3rd  ser.,  X,  pp.  168-183 ;  G.  Berendt,  Die  Sande  im  norddeut 
Tieflande  und  die  grosse  diluviale  Abschmelzperiode,  Jahrb.  k.  preoss.  geoL  Landei 
f.  1881,  Berlin,  1882,  pp.  482-495. 

^  £.  Hitchcock,  Illustrations  of  Surface  Geology,  Smithson.  Contrib.,  4to,  Washii 
1857 ;  L.  Ratimeyer,  Ueber  Thai-  und  Seebildung,  8vo,  Basel,  1869,  p.  137  et  seq 
Miller,  River-Terracing,  Its  Methods  and  their  Results,  Proc.  R.  Phys.  Soc.  Edin., 
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Important  displacements  of  the  strand  must  affect  the  fall  of  the  rivers 
for  a  great  distance  inland,  especially  in  the  absence  of  cataracts.  But  the 
river  terraces  near  the  sea  are  of  course  more  recent  than  the  latest  move- 
ments of  the  strand.  An  example  is  afforded  by  the  Divi,  with  its  recent 
terraces  in  the  midst  of  the  region  of  ancient  strand-lines  and  the  steps  left 
by  the  glacial  lakes  ^.  This  is  the  reason  also  why  terraces  are  present  in 
all  latitudes  wherever  there  is  a  sufficient  supply  of  loose  material ;  we  have 
already  mentioned  their  occurrence  on  the  Marafion,  Gabb  describes  them  in 
Haiti^  but  they  are  chiefly  developed  in  the  higher  latitudes. 

Having  thus  eliminated,  as  far  as  possible,  the  various  sources  of  error, 
we  arrive  at  the  following  conception  of  the  recent  oscillations  of  the 
strand. 

The  Arctic  coasts  exhibit  traces  of  negative  movement  at  a  height  which 
is  at  first  considerable,  but  diminishes  towards  the  south ;  it  depends  on  the 
structure  of  the  countiy,  the  simplicity  of  the  coasts  and  their  subsequent 
denudation,  whether  this  diminution  appears  with  a  greater  or  less  degree 
of  continuity.  The  diminution,  however,  appears  to  take  place  at  a  different 
rate  on  different  coasts ;  in  North  America,  for  example,  the  descent  is  more 
rapid  on  the  east  coast  than  on  the  west. 

In  South  Africa,  in  the  south  of  Australia,  New  Zealand,  and  Patagonia, 
there  are  also  traces  of  negative  movement  at  a  considerable  height.  In 
New  Zealand  and  in  the  east  of  South  America  a  decrease  of  this  hei^t 
has  been  shown  to  take  place  towards  the  north.  The  east  of  Australia  seems 
to  correspond  with  a  recent  fracture.  The  west  of  South  America  also 
exhibits  negative  traces  in  the  higher  latitudes,  but  there  the  case  is  com- 
plicated by  the  existence  of  kitchen  middens,  terraces,  supposed  to  be  of 
inland  origin,  and  other  sources  of  error.  The  other  coasts  (South  Africa 
and  West  Australia)  are  so  little  known  that  the  height  of  the  negative 
indications  presented  by  them  must  be  left  out  of  account. 

On  the  west  coast  of  South  America  high-level  negative  traces  occur  up 
to  lat.  27^  S.,  but  it  is  not  yet  certain  whether  beds  such  as  those  of  Mejil- 
lones  and  Cerro  Gordo  should  not  be  assigned  to  an  earlier  period. 

Where  negative  traces  occur  up  to  a  considerable  height  they  are 
interrupted,  i.  e.  they  occur  at  intervals,  twice,  thrice,  or  even  ten  times, 
one  above  the  other  at  different  levels. 

Negative  traces  occurring  at  a  moderate  or  trifling  height  are  known  also 
in  the  tropics,  e.  g.  close  to  the  equator  at  Guayaquil  and  on  the  east  coast 

VII,  pp.  263-806 ;  F.  Mtthlberg,  Die  heutigen  and  frOheren  Verhftltnisse  der  Aare  bei 
Aaigau,  Programm  Aarg.  Kantonsschule,  4to,  Aarau,  1885,  pp.  1-46,  map ;  S.  Nikiiin, 
Die  Flussih&ler  des  mittleren  Russland,  Mem.  Acad.  Imp.  Sci.  St-Petenb.,  1884,  7*  B^r., 
XXXII,  No.  5,  p.  19. 

'  Terraces  formed  by  transportation  are  described  by  Dansse,  Nouvelle  note  snr  les 
terraMes  allaviales,  Bull.  Soc  g^ol  de  Fr.,  1868,  2«  s^r.,  XXV,  pp.  752-762. 
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of  Africa.  They  are  clearly  exhibited  around  the  whole  of  the  northern 
region  of  the  Indian  Ocean,  especiaUy  in  the  Indian  peninsnla  ;  and  they  are 
found  up  to  a  height  of  about  100  meters  above  the  existing  sea-level  through 
a  very  large  part  of  the  Polynesian  islands,  in  the  midst  of  the  Pacific  Ocean 
and  its  coral  reefs. 

Positive  indications,  such  as  coral  reefs  with  lagoons,  only  occur  in  the 
warm  seas.  In  the  Pacific,  however,  it  is  obvious  that  the  li^'ing  reefs  are 
more  recent  than  the  tabular  masses  of  limestone  (exposed  by  n^ative 
movement)  which  they  surround ;  this  is  also  true  of  the  West  Indies ;  and 
in  all  these  regions  the  latest  movement  was  evidently  positive. 

Thus  it  appears  that  in  the  warm  seas  oscillations  have  certainly 
occurred,  and  hence  it  would  seem  to  follow  that  the  interrupted  negative 
indications  both  of  the  northern  and  the  southern  regions  are  likewise  the 
result  of  genuine  oscillations. 

In  the  West  Indies  and  the  sea  of  Banda,  as  well  as  in  several  other 
regions,  diflSculties  arise  owing  to  the  presence  of  Tertiary  limestones,  of 
which  the  upper  limit  can  scarcely  anywhere  be  certainly  defined  \ 

All  the  relics  of  ancient  shore-lines  of  which  we  have  made  mention  are 
always  horizontal  and  absolutely  independent  of  the  structure  of  the  coasts. 
They  present  the  same  characters  in  the  Pacific  as  in  the  Atlantic  region,  (Hi 
the  Archaean  foundation  as  on  volcanic  superstructures,  on  stratified  table- 
land, or  folded  mountains,  whether  ending  in  rias  coasts  or  not.  In  tbe 
extremely  rare  cases  in  which  recent  tectonic  accidents  are  found  in  the 
same  region  as  these  traces — on  the  shores  of  Cook  strait,  for  example— 
the  two  classes  of  phenomena  exhibit  as  complete  an  independence  one  of 
the  other  as  the  inland  terrcuses  of  the  desiccated  lake  Bonneville  and  the 
recent  faults  of  the  Wahsatch. 

Although  in  regard  to  these  questions  so  much  still  remains  obscure  and 
calls  for  further  investigation,  yet  it  is  evident  that  of  the  hypotheses  pro- 
pounded to  account  for  such  movements,  there  is  one  series  which  cannot  be 
reconciled  with  the  facts,  as  these  are  already  known  to  us. 

Movements  like  these,  which  present  themselves  as  oscillations,  and 
extend  around  all  coasts  and  under  every  latitude  in  complete  indepen- 
dence  of  the  structure  of  the  continents,  cannot  possibly  be  explained  by 
elevation  or  subsidence  of  the  land.  Even  as  the  transgressions  of  the 
ancient  periods  are  much  too  extensive  and  uniform  to  have  been  produced 
by  movements  of  the  lithosphore,  so  too  are  the  displacements  of  the  strand- 
line  in  the  immediate  past. 

It  is  also  impossible  to  reconcile  these  observations  with  the  theories 

'  That  the  higher  horizons  are  continued  from  the  sea  of  Banda  into  the  Indian  Ocean 
is  shown  in  particular  by  an  observation  made  by  Aldrich  on  Christmas  island  (lat.  ITS.) 
south  of  Java ;  Nature,  XXXYII,  Dec.  29,  1887,  p.  204.  The  summit  at  a  height  of  1,200 
feet  is  composed  of  coral  limestone,  and  apparently  three  strand-lines  are  visible. 
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which  assume  an  alternating  accumulation  of  water  at  each  of  the  poles  in 
turn  as  was  suggested  by  Adhdmar.  The  development  and  altitude  of  the 
negative  indications  in  the  higher  latitudes,  both  of  the  northern  and  the 
southern  hemisphere,  are  directly  opposed  to  such  an  assumption. 

As  far  as  we  are  in  a  position  to  judge  it  appears  much  more  as  if  that 
which  characterized  the  more  recent  movement  was  an  accumulation  of 
water  towards  the  equator,  a  diminution  towards  the  poles,  and  as  though 
this  last  movement  were  only  one  of  the  many  oscillations  which  succeed 
each  other  with  the  same  tendency,  i.  e.  with  a  positive  excess  at  the  equator, 
a  negative  excess  at  the  poles. 

Negative  traces  are  to  be  seen  in  all  latitudes.  We  may  attempt  to 
explain  them  by  means  of  eustatic  negative  processes,  i.e.  by  great 
subsidences,  but  this  would  presuppose  a  uniform  sinking  of  the  sea-level 
to  the  extent  of  more  than  1,000  feet  in  quite  recent  times.  It  is  much 
more  probable  that  the  negative  traces  at  considerable  altitudes  in  the  tropics 
are  not  of  the  same  age  as  those  in  high  latitudes,  and  that  an  accumulation 
of  water  occurs  alternately  at  the  poles  and  the  equator.  Among  these 
traces  there  may  be  one  or  more  of  a  eustatic  negative  origin,  but  if  so,  we 
have  not  yet  leamt  how  to  distmguish  them. 

This  result  accords  well  with  the  oscillatory  nature  of  the  ancient  move- 
ments to  which  the  alternation  of  strata  so  often  points.  It  is  equally  in 
harmony  with  that  singular  compensation  which  seems  to  find  expression 
in  the  distribution  of  many  formations  in  Europe.  Stratigraphical  termin- 
ology  was  created  in  a  region  which  is,  as  it  were,  the  field  of  inundation  of 
the  transgressive  central  Mediterranean.  This  explains  the  number  of 
lacunae  in  the  stratified  series  of  England.  The  n^ative  phases  mark  as 
a  rule  the  limit  of  formations,  but  which  of  them  were  produced  by  oscilla- 
tion and  which  by  eustatic  movement,  we  cannot  at  present  determine  with 
certainty. 

These  conclusions  and  conjectures  are  consistent  with  an  opinion 
expressed  by  Penck,  that  the  accumulation  of  ice  in  high  latitudes  during 
the  glacial  period  must  have  caused  an  increase  of  attraction  \  But  it  is 
only  as  one  of  many  causes  which  have  influenced  the  sea-level  at  different 
times  that  Penck  has  called  attention  to  this  factor,  and  it  is  only  as  such 
that  it  must  be  regarded ;  it  must  not  be  forgotten  that  most  of  the  strand- 
lines  which  have  engaged  our  attention  are  more  recent  than  the  maximum 
extension  of  the  ice.    In  addition  to  this  we  have  also  to  take  into  account 

^  A.  Penck,  Schwankungen  des  Meereaspiegels,  Jahrb.  geogr.  Ges.  MtUichen,  1882,  VII, 
pp.  47-116 ;  A.  de  Lapparent,  Le  Niveau  de  la  mer,  Boll.  Soo.  g6ol.  de  Fr.,  1886,  8*  s^r., 
XIV,  pp.  868-885 ;  Hergeaell,  Ueber  die  Aenderang  der  Gleichgewiclitsflftcheii  der  Erde 
durch  die  Bildong  polarer  Eismaasen  und  die  dadurch  Teranacliten  Schwankungen  des 
MeeresniveauB ;  Gerland,  Beitr&ge  zur  Geophysik,  8vo,  Stuttgart,  1887,  I,  pp.  58-114; 
E.  von  Diygalflki,  Die  Geoid-deformationen  der  Eiszeit,  Zeitschr.  Ges.  Erdk.,  Berlin,  1887, 
XXII,  pp.  169-280. 
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the  different  degrees  of  attraction  of  the  continental  masses,  the  loeal 
increase  of  attraction  due  to  the  accumulation  of  sediment  (a,  II,  p.  219), 
a  subject  to  which  Zdppritz  has  devoted  particular  attention,  and  finally  a 
great  number  of  secondary  circumstances,  such  as  the  direction  of  the  shore 
with  regard  to  that  of  the  tides,  the  influx  of  fresh  water,  the  rate  of 
evaporation,  and  so  forth. 

Provided  with  these  provisional  results,  let  us  now  return  to  the  move* 
ments  of  the  outer  crust  of  the  earth,  and  to  the  various  kinds  of  dislocation 
which  are  produced  by  telluric  stresses. 

Our  observations  on  dislocations,  taken  as  a  whole,  cannot  be  reconciled 
with  any  attempt  to  explain  this  class  of  phenomena  by  means  of  the 
elevation  theory,  i.  e.  by  an  undulation  of  the  lithosphere.  Neither  the 
numerous  small  oscillations  can  be  thus  interpreted  nor  the  great  ones  which 
embrace  the  whole  globe.  Movements  of  the  lithosphere  do  not  explain  why 
the  stratified  series  presents  the  same  lacunae  in  the  United  States  and  in 
central  Russia,  nor  do  they  explain  the  formation  of  long  horizontal  strand- 
lines  in  complete  independence  of  the  structure  of  the  land  ^. 

It  is  true  that  the  earth's  crust  has  experienced  tangential  as  well  as 
vertical  movements ;  mountain  chains  have  arisen  over  long  zonal  areas,  and 
their  appearance  has  been  accompanied  by  profound  local  disturbances,  but 
it  is  not  on  such  processes  as  these  that  the  general  level  of  the  Ocean 
depends.  This  is  shown  in  the  clearest  fashion  by  the  Alps;  they  rear 
themselves  over  the  site  of  the  central  Mediterranean  sea,  from  which  time 
after  time  transgressions  have  set  forth  to  pursue  their  way  towards  the  north 
and  towards  the  south.  As  a  result  of  tangential  thrusts  the  sediments  of  this 
sea  were  folded  together  and  driven  upwards  as  a  great  mountain  range, 
and  the  Alps  have  therefore  been  described  as  a  compressed  sea.  But  this 
lateral  folding  has  not  produced  any  direct  or  perceptible  effect  on  the  level 
of  the  Ocean.  The  indirect  result  of  folding  when  it  takes  place  on  dry 
land  is  to  increase  the  fall  of  the  rivers  and  to  accelerate  denudation  and 
the  transport  of  sediments.  In  the  case  of  folding  beneath  the  sea  the 
causal  connexion  between  subsidence  and  folding  must  be  taken  into  account, 
and  this  will  be  discussed  later  on. 

In  rare  instances  a  dome  of  somewhat  greater  amplitude  may  be  produced 
by  lateral  compression,  and  cases  occur  such  as  Diener  has  observed 
between  Lebanon  and  Anti-Lebanon ;  but  even  this  is  of  no  great  weight  in 
the  balance  when  set  against  the  other  factors  which  determine  the  general 
level  of  the  Ocean  *. 

^  This  concladon,  that  the  elevation  theory  is  inadequate  or  uneuitable,  has  already 
found  expression  in  many  of  the  more  recent  textbooks,  e.  g.  H.  J.  Klein,  Physische 
Geographie,  p.  341 ;  A.  Sapan,  Gmndztlge  der  physischen  Erdkiinde,  8vo,  Leipzig,  1884, 
p.  188  et  seq. ;  S.  Gttnther,  Lehrbuch  der  Geophysik,  II,  8vo,  Stuttgart,  1885,  p.  455 
etseq. 

'  C.  Diener,  Libanon,  1886,  p.  398.    The  coincidence  of  movements  of  the  sea  and  of 
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The  essential  problem  of  this  volume  has  been  to  determine  in  what 
manner  and  to  what  extent  movements  of  the  Ocean  are  dependent  on  those 
of  the  earth.  In  all  probability  the  Ocean  is  subject  to  an  independent 
movement  which  in  the  course  of  long  periods  causes  an  alternation  of 
positive  and  negative  phases  at  the  equator.  We  shall  be  able  to  discuss 
this  oceanic  movement  with  greater  certainty  when  the  stratified  series  in 
high  latitudes  is  better  known,  and  when  we  are  able  to  clearly  distinguish 
the  terraces  formed  by  glacial  lakes  from  those  of  marine  origin.  These 
great  oscillations  are  not,  however,  cumulative  in  time ;  on  the  contrary  they 
are  compensatory.  The  persistent  continuance  of  a  continental  surface  is 
in  the  main  the  result  of  local  subsidences  of  the  earth's  crust,  which  time 
after  time  open  up  fresh  abysses  for  occupation  by  the  sea,  and  lower  the 
general  level  of  the  strand.  Every  eustatic  negative  movement  of  this  kind 
increases  the  fall  of  all  the  rivers  which  enter  the  sea,  stimulates  afresh  the 
denudation  of  the  dry  land,  accelerates  the  transportation  and  deposition  of 
sediments,  and  thus  induces  a  heightened  eustatic  positive  movement.  The 
oceanic  oscillation  has  the  same  effect  when  it  is  negative,  and  even  the 
positive  oscillation  contributes  to  the  formation  of  sediment,  in  so  far  as  it 
assists  in  erosion.  Thus  there  is  an  alternate  play  of  forces.  The  effect  of 
eustatic  subsidences  and  the  deposition  of  sediments  is  cumulative,  and  in 
the  course  of  geologic  periods  the  eustatic  negative  movements  obtain  the 
predominance.  In  this  matter  the  folding  of  the  mountain  chains  plays 
only  a  secondary  part. 

The  structure  of  the  Pacific  shores  shows  that  this  Ocean  was  already  in 
existence  during  the  Trias  epoch,  and  since  then  it  has  continually  lost  in 
extent.  The  structure  of  the  regions  surrounding  the  Atlantic  shows  that 
its  outlines  were  determined  at  a  later  period,  but  since  the  Cretaceous  epoch 
this  Ocean  also  has  been  reduced  in  area.  The  Mediterranean  is  surrounded 
by  traces  of  negative  movement  which  extend  from  central  Europe  to  Persia, 
marking  the  alternating  phases  of  progressive  restriction ;  its  lowest  level 
was  reached  between  the  Miocene  and  Pliocene.  It  would  be  possible, 
were  it  desirable,  to  enter  still  further  into  details,  and  we  look  forward  to 
a  time  when  the  feeble  development  of  negative  traces  in  the  regions  of  the 
Black  Sea  and  the  northern  Adriatic  will  serve  as  a  datum  for  the  more 
exact  determination  of  the  age  of  these  subsidences  \    Thus  the  land  has 

the  liihosphere  suggested  by  LOwl  leads  to  ingenious  conclusions,  but  I  know  of  no  case 
in  which  they  could  be  actually  applied ;  Die  Unache  der  sftcularen  Venchiebungen  der 
Strandlinie,  Vortrag,  Svo,  Prague,  1886. 

}  On  the  coast  of  Istria  deposits  of  red  earth  are  encountered,  into  which  beds  of  sea 
shells  and  small  pebbles  are  intercalated ;  they  occur,  however,  at  so  trifling  a  height 
that  the  intercalation  might  have  been  produced  by  some  disturbance  of  the  sea;  Stache, 
Verh.  k.  k.  g^l.  Reichsanst.,  1872,  p.  221 ;  at  Pola  at  a  height  of  one  or  at  most  two  feet ; 
Marchesetti,  Boll.  Soc.  Adriat.,  Trieste,  1882,  VII,  pp.  808,  804,  note ;  at  the  southern 
extremity  of  Istria  at  a  height  of  one  meter. 
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become  habitable  owing  to  the  preponderance  of  negative  movements.  It  is 
in  the  history  of  the  seas  that  we  discover  the  history  of  the  continentSb — 

Our  voyage  of  inquiry  through  libraries  and  literature  is  now  at  an  end, 
and  we  return  to  the  sublime  spectacle  which  served  us  as  our  starting- 
point,  the  beach  and  the  long  inflowing  roll  of  the  Ocean  waves.  Still  the 
mighty  chorus  resounds ;  still,  and  at  the  same  level,  the  rising  tide  pauses 
before  it  recedes,  and  the  ebb  before  it  returns.  And  at  this  same  level  the 
ebb  and  flood  have  paused,  without  sensible  change,  as  far  back  as  man  can 
penetrate  into  the  past  of  his  own  race. 

We  have  been  taught  that  it  is  not  so,  that  extensive  parts  of  the  planet 
are  slowly  rising  by  vertical  upheaval,  othero  as  slowly  sinking,  while  some 
great  fragments  of  the  crust,  such  as  Scandinavia,  Greenland,  Australia^ 
and  New  Zealand,  are  subject  to  a  tilting  movement ;  that  South  America 
and  Norway  have  been  elevated  by  jerks ;  that  these  activities  are  still 
in  progress  and  are  accomplished  at  a  measurable  rate. 

It  is  not,  however,  that  Sweden  is  rising,  but  the  enclosed  Baltic  sea^ 
dependent  on  climatic  influences,  is  gradually  emptying,  as  it  passes  through 
a  phase  of  increasing  diminution ;  and  it  is  from  this  cause  that  the  strand- 
line  sinks  lower  and  lower  as  it  becomes  increasingly  remote  from  the 
Baltic  entrance.  In  the  Igalliko  fjord  of  Greenland  the  alleged  displace- 
ment cannot  be  maintained.  The  oscillations  which  have  left  their  mark 
on  the  columns  of  the  temple  of  Serapis  at  Pozzuoli  were  produced  by 
local  movements  within  the  crater  of  an  expiring  volcano.  They  were  not 
felt  in  the  city  of  Naples,  notwithstanding  its  proximity,  and  have  nothing 
in  common  with  the  horizontal  strand-lines  which  surround  the  shores  of 
Italy.  While  in  case  after  case  the  convincing  force  of  each  individual 
example  is  weakened  or  destroyed,  on  the  other  hand  phenomena  confront 
us  which  testify  to  the  stability  of  the  existing  state,  which  has  endured 
since  the  remotest  period  of  human  tradition,  or  since  a  period  even  earlier 
still ;  in  hundreds  of  localities  the  sea  itself  has  graven  its  mark  deep  in  the 
rocks  at  the  level  of  the  tide. 

For  thousands  of  years  the  fall  of  the  Nile  has  remained  unchanged ; 
the  situation  of  its  mouths  is  still  the  same ;  the  Bahr  Tussuf  continues  to 
flow  into  lake  Moeris,  sacred  to  the  crocodile,  and  the  Fresh- water  canal 
still  traverses  the  valley  of  the  Seven  Springs.  The  bar  extending  from 
the  promontory  of  the  Casius  across  which  Moses  probably  passed  with  the 
Israelites  is  still  in  existence.  The  spit  in  the  sea  of  Azov,  and  .that  of 
Perekop,  known  to  antiquity  as  the  CJourse  of  Achilles,  were  in  their  present 
position  thousands  of  years  ago.  The  Roman  roads  lie  on  the  littoral  bars 
of  Tuscany,  and  the  ancient  emissary  of  C!osa  still  bears  away  the  waters  of 
the  lagoons.  It  is  to  a  still  more  remote  epoch  that  we  are  taken  by  the 
older  bars  which  lie  in  the  midst  of  alluvial  land  behind  the  existing  line  of 
the  surf,  in  the  delta  of  the  Po  and  the  Adige  to  the  north  of  Comacchio, 


CH.XIV]  NO  CHANGE  IN  HISTOKIC  TIME  555 

outside  the  mouth  of  the  Rhone  at  Aigues-Mortes,  beyond  Mobile  bay  at 
the  mouth  of  the  Mississippi,  as  well  as  by  that  great  accumulation  built  up 
by  the  cold  current  from  the  north,  which  provides  a  foundation  for  the 
Keys  of  Florida  as  far  as  the  Tortugas.  V&lmiki,  the  poet  of  the  R&mfi- 
yana,  the  inspired  painter  of  animate  and  inanimate  nature,  and  of  the 
human  soul  as  well,  has  shown  what  mjnstery  attached,  even  in  his  time,  to 
that  long  bar,  the  rent  fragments  of  which  extend  at  present  from  the  main- 
land to  Ceylon.  Thousands  of  years  of  rest  were  necessary  to  build  up 
the  vast  stretch  of  alluvial  land  which  extends  from  Ph'nom  Bach^  along 
the  lower  Me-kong,  to  isolate  the  gulf  and  convert  it  into  inland  lakes,  and 
to  create  the  river  Tonlesap  which  flows  during  one  part  of  the  year  from 
the  Me-kong  into  the  lakes,  during  the  other  part  from  the  lakes  into  the 
Me-kong  and  out  into  the  sea.  The  regions  described  in  the  ancient  Chinese 
accounts  do  not  extend  as  far  as  the  sea  border,  but  Richthofen's  study  of 
the  TU-king  shows  us  that  four  thousand  years  ago  the  fluvial  network  of 
the  great  plain  presented  the  same  fundamental  features  as  to-day,  and  was 
probably  subjected  to  inundations  fully  as  devastating  as  those  of  our  times. 
Measurable  changes  along  the  coast  are,  therefore,  apart  from  various 
meteoric  influences,  confined  to  loss  of  land  through  the  erosive  action  of 
the  sea;  to  gain  of  land  from  the  deposition  of  sediment;  to  sudden 
local  subsidence  of  large  tracts  of  alluvial  land  covered  with  forest  or 
buildings ;  to  local  oscillations  in  the  vicinity  of  volcanos ;  and  finally,  but 
only  in  rare  cases,  to  true  dislocations  affecting  the  coast,  as  occurred  in 
Cook  strait  in  New  Zealand  in  1856. 

Tet  the  level  of  the  strand  has  often  changed,  and  every  grain  of  sand 
which  sinks  to  the  bottom  of  the  sea  expels,  to  however  trifling  a  degree, 
the  Ocean  from  its  bed.  But  who  would  think  of  expressing  in  figures  the 
extent  of  this  effect?  A  considerable  lowering  of  the  strand  has  taken 
place  around  the  North  sea  since  the  last  retreat  of  the  ice,  but  from  the 
Scheldt  to  the  Vlie  the  remains  of  Roman  walls  lie  at  present  outside  the 
dunes;  they  probably  indicate  the  wandering  of  the  dunes,  but  prove  a 
change  in  the  height  of  the  strand-line  just  as  little  as  the  fort  of  the 
Vikings  at  Romo.  But  what  are  a  few  thousand  years  in  the  course  of 
planetary  events?  And  when  we  see  the  'gates  of  the  coast'  between 
the  gulfs  of  Messenia  and  Laconia  still  standing  where  they  stood  two 
thousand  years  ago,  how  shall  we  find  a  measure  for  the  ages  required  by 
the  sea,  supported  though  it  is  by  the  work  of  rain  and  rivers,  to  wear  away 
whole  mountain  ranges  and  entire  continents,  and  to  deposit  on  the  levelled 
down  folds  thousands  of  feet  of  fresh  sediment  ?  Yet  this  it  had  already 
accomplished,  even  before  the  Silurian  epoch,  in  Texas,  in  northern  China, 
and  in  other  vast  territories.  During  the  Carboniferous  epoch,  folded 
ranges  were  elevated,  completely  planed  down  and  again  covered  horizontally 
with  carbonaceous  sediments. 
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The  astronomer,  in  order  to  render  conceivable  the  immensity  of  celestial 
space,  points  to  the  parallelism  of  the  stellar  rays  or  to  the  white  clonds  of 
the  Milky  Way.  There  is  no  such  means  of  comparison  by  which  we  can 
illustrate  directly  the  great  length  of  cosmic  periods,  and  we  do  not  even 
possess  a  unit  with  which  such  periods  might  be  measured.  The  distance  in 
space  of  many  stars  from  the  earth  has  been  determined ;  for  the  distance  in 
time  of  the  latest  strand-line  on  Capri  or  the  last  shell-bed  on  Tromso,  we 
cannot  suggest  an  estimate  even  in  approximate  figures.  We  hold  the 
organic  remains  of  the  remote  past  in  our  hand  and  consider  their  physical 
structure,  but  we  know  not  what  interval  of  time  separates  their  epoch  from 
our  own ;  they  are  like  those  celestial  bodies  without  parallax,  which  inform 
us  of  their  physical  constitution  by  their  spectrum,  but  furnish  no  clue  to 
their  distance.  As  Kama  looks  out  upon  the  Ocean,  its  limits  mingling  and 
uniting  with  heaven  on  the  horizon,  and  as  he  ponders  whether  a  path 
might  not  be  built  into  the  Immeasurable,  so  we  look  over  the  Oceem  of 
time,  but  nowhere  do  we  see  signs  of  a  shore. 
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